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jum cyanate into carbamide, (2) the interaction of glycerol and oxalic acid, (3) the oxidation.of sucrose by 
nitric acid, (4) preparation of tetranitromethane, (5) the chlorination of ethyl alcohol, leading to a study of 
alkyl hypochlorites of which the tetra-alkyl compounds are comparatively stable, (6) study of nitro-derivatives 
of benzil, (7) compounds of the thioparaldehyde type from chloral, (8) quantitative acetylation of.phenols in 
aqueous solution with acetit anhydride, (9) the production of copper mirrors on glass, (10) action of ammonia 


on esters, where it is shown that, by introducing strongly kationoid centres into the alkyl group, e. B+ 
CH,*CO-0-CH cm No,’ the carbon of the alkyl group becomes so electron-attracting that it and not the 
2 


carbon of the carbonyl group is attacked by ammonia, yielding acetic acid and yyy-trichloro-« nitro-B-amino- 
propane, CCl,-CH(NH,)-CH,"NO,. 

In 1902 he published’ several papers on the action of halogens on arylazoacetates and related compounds. 
By diazotising tribromoaniline and coupling the product with ethyl acetoacetate, he obtained ethyl 2 : 4: 6- 
tribromophenylazoacetoacetate, C,H,Br,“-NH-N:CAc‘CO,Et. When brominated, this yields products which 
vary with the conditions. (a) In acetic acid solution in presence of water or anhydrous sodium acetate a 
quantitative yield of the bromo-compound, C,H,Br,-NH-N:CBr-CO,Et, is formed by the elimination of an 
acetyl group; (b) in glacial acetic acid or chloroform substitution in the methyl group occurs and the product 
is C,H, Br,-NH-N:C(CO,Et)-CO-CH,Br (I), which is also formed by condensing tribromobenzenediazonium 
chloride with y-bromoacetoacetic ester. Further bromination yields the compound with the group -CO-CHBr, 
and finally, by elimination of the -CO,Et group, the poduct C,H,Br,“-NH-N:CBr-CO-CHBr, is formed. The 
o-bromine atom in (I) is reactive and readily replaced by NH,, and the amino-Compound so formed reacts with 
an alcoholic solution of potassium acetate, yielding a 4-hydroxypyrazolone derivative. 

A good deal of Chattaway’s latest work dealt with the study of the condensation products of chloral, bromal, 
dichloroacetaldehyde and butylchloral hydrate with phenols, amides, etc. Chloral itself unites with p-sub- 
stituted phenols, the product being of the aldol type NO,°C,H,-O-CH(OH)-CCl,. This product under the influ- 
ence of sulphuric acid yields the isomeric phenol, NO,°C,H,(OH)*-CH(OH)°CCI,, which can unite with a second 
molecule of chloral, forming NO,*C,H,[O-CH(OH)-CCl,]-CH(OH)-CCl, and by the elimination of water a 


derivative of 1 : 3-benzdioxan is formed, viz., NOCH cc pias The presence of a substituent 
3 

ortho to the OH groups in the phenol inhibits the formation of a dioxancompound. 1: 3-Dioxan itself can be 

prepared by condensing p-nitrophenol with formaldehyde and removing the nitro-group from the condensation 

product. 

Chloral unites with carbamide, yielding first CCl,-CH(OH)-NH-CO-NH, and finally CO[NH-CH(OH)-CCl,], ; 
the second stage, however, does not occur with mono- or unsymmetrical dialkyl- or diaryl-ureas. Otherdiamides, 
é.g., oxamide and malonamide, also unite with urea, but with malonanilic acid carbon dioxide is evolved. 
Chloral condenses with arylhydrazines. With phenylhydrazine the reaction is violent but with halogen- 
ated phenylhydrazines simple condensation occurs with the elimination of water and the formation of a 
hydrazone, which readily loses hydrogen chloride at the ordinary temperature, forming a red azo-compound : 
—-> 

Chattaway also published several papers on the action of halogens on substituted benzaldehydepheny]l- 
hydrazones. The halogen substitutes both in the nucleus of the hydrazine residue and also the hydrogen of 
the original -CHO group (w-substitution). The w-halogen’is extremely reactive and is readily replaced by NH, 
or by ‘NH-NH,. The w-hydrazino-derivatives react with nitrous acid, yielding derivatives of 1 : Saiguanyt 


dihydropentazine cyclic compounds with five N-atoms in the ring. —y > NPh. 


Chattaway’s influence in the laboratory i is best expressed in the words of one of his old students, ‘ Dr. 
Chattaway was a most stimulating and inspiring influence in the laboratory and filled us with enthusiasm for 
research. His own tireless energy at the bench and dogged perseverance when things did not go well was an 
example we shall never forget. Legend has it that the only occasions on which he showed the least signs of 
losing his temper were when he came across a student working in a slovenly way on a dirty bench. The repri- 
mand invariably had the proper effect. His absorption in his laboratory work was such thfat, unless reminded, 
he was apt to forget an engagement or a lecture.” 

In the usually accepted meaning Chattaway had no hobbies, but apart from his work he had two absorbing 
passions, The one was for English literature and poetry and the other for the English countryside. His 
memory was such that after reading a poem twice his knowledge of it was complete. He himself was no mean 
poet and when a student at Christ Church was awarded the ‘“‘ Constance Naden ’’ gold medal by the Council 
of the Mason College for a poem entitled “‘ Persephone”. His love of rural England was shown by his annual 
two or three weeks tour with a friend—in the earlier days on footgthen on cycle and finally by car. He loved 
the old churches, old monuments and tombs, speculating on the characters of those commemorated. It was 
always a pleasure to him to engage in serctee mee with any countryman or woman and to obtain their views on 
Many matters. 

Another characteristic was his intense loyalty to institutions and friends. The former is shown by his 
life-long attachment ‘to the University College, Aberystwyth, and the University of Wales. For very many 
years he was a member of the Council and of the Court of Governors of the College and also of the University 


and was a regular attendant at their meetings. He was a past president of the Aberystwyth Old Students’ 
BB 


7 
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Association and a past Warden of the Guild of Graduates of the University. His interest in and devotion 


to educational matters in Wales were such that a well-known Welsh leader once said ‘‘ I believe Chattaway 


could have any post in Wales if he wanted it.” 

For many years he was a member of the Court of Governors of the University of Birmingham and took a 
keen interest in the work of the University. bs 

To friends of his earlier days he remained intensely loyal. This is shown in his life-long friendships with 
John Humphrey Davies, afterwards Principal of the Aberystwyth College, and W. H. Lewis, for many years 
Professor of Chemistry at the University College of the South West at Exeter. Both were fellow students of his 
at Aberystwyth and at Oxford. I first met Chattaway in 1891 when he was proceeding to Munich and I to 
Heidelberg. We made a short tour through Belgium and up the Rhine together and he stayed with me in 
Heidelberg for a few days before going on to Munich; I often met him afterwardsin Aberystwyth, Oxford, 
and latterly in Torquay. Even in his latter days he was a stimulating conversationalist and as stated by one of 
his friends ‘‘ In his prime he was brilliant in conversation and was prepared to argue on any topic and on any 
side, but always in such a whimsical manner that the debate never ran off on unfriendly lines.” 

In 1894 he married an old Aberystwyth student—Elizabeth Bettany, the second daughter of Thomas 
Bettany of Birmjngham. His only son, who was a King’s scholar at Eton and then a Scholar of Christ Church, 
Oxford, obtained a commission in the Cheshire Regiment in 1915 and was killed in action at Thiepval in 1916. 
This sad loss was felt by Chattaway for the rest of his life. His widow and only daughter survive him, 
The daughter, Dr. Margaret Chattaway, took her B.A. degree from St. Hugh’s College and subsequently the 
Ph.D. degree. For some time She was demonstrator in Botany at the Royal Holloway College and then joined 
the School of Forestry, Oxford, as research botanist. She was awarded the ‘‘ Elizabeth Sterling ’’ Fellowship 
at Yale and on leaving there joined the F.A.N.Y.’s and is now a Junior Commander in the Army Education 
Department. J. J. SuDBoRovuGH. 


GERALD TATTERSALL MOODY. 
Born March 6th, 1864; died, October. 23rd, 1943. 


Moopy was born a Londoner and remained one, always residing in the Dulwich area. He chose Chemistry 
as a career at an early stage when the enlarged facilities for learning it were just coming into being. He was 
one of the first students of Henry E. Armstrong at Cowper Street, at Finsbury and at the Central Technical 
College at South Kensington, the Colleges founded by the City and Guilds Institute, and became in due course 
demonstrator, taking charge of the famous first year ‘‘ heuristic”’ course. Later he followed F. S. Kipping as 
Lecturer. He was a valued member of the brilliant team, Wynne, Kipping, Pope, Lowry, Lapworth, Forster, 
associated with Armstrong. 

Moody will be remembered by many for the part he played in the difficult task of expounding the heuristic 

method to the first year students, mainly engineers, at the Central Technical College, who did not always 
take kindly to the doctrine. By practically abolishing the use of textbooks and thereby compelling them to 
rely almost entirely on their own efforts, particularly in the laboratory work, a method of independence was 
developed which experience has shown to be of the qpoatent, use in dealing with new problems of every 
description. 

, Asa very young boy Moody became interested in chemistry through his maternal grandfather, then an old 
man, who in his earlier days had been associated with Owen in delivering lectures at the Bermondsey Mechanics 
Institute. In his middle teens, in 1880, he was one of the first students in the temporary laboratory roughly 
constructed in one of the attics of the Cowper Street School to which H. E. Armstrong and W. E. Ayrton had 
been apointed teachers pending the building of Finsbury Technical College, which was originally intended as a 
trade school, but on the advice of Armstrong, Ayrton and Robins was changed to a technical College, with day 
and evening classes. 

_ Armstong took to young Moody and at once welcomed him into his family circle, encouraging his wider 
interests, and, finding that they had many tastes in common, took him on geological excursions. Moody was 
always a keen walker and went off for long walks with his dog in Kent on Saturdays. Later he always took his 
holidays high up in the mountains in Switzerland. He shared with Armstrong a love and an understanding 
of gardening and was a regular attendant at the Royal Horticultural Shows. Another interest common to 
both men was a love of music—he became a frequenter of the Opera. 

Moody went on to Finsbury, attending both day and evening classes. When the new building—the Central 
Technical College at Kensington—was opened, Armstrong was appointed as Professor and Moody went there 
with him. As the students grew, for it mugt be noticed that the facilities were provided ahead of the students, 
novel methods of teaching were developed by each of the four professors—Unwin, Ayrton, Armstrong and 
Henrici—who became world famous. 

His preoccupation with teaching gave Moody little time for research. He published 4 papers in our Journal 
and 11 in the Proceedings, one of the most important being on the mechanism of the rusting: of iron, always a 
controversial subject. He gavea paper to the Geological Society on the cause of variegation in coloured rocks. 

Moody first took an interest in finance in connection with his mother’s capital. He applied his keen 

analytical mind to the study of investing as a science and finally abandoned teaching to spend his whole time 
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inthecity. He became Chairman or Director of several Investment Trusts and other companies, some of which 
he led out of difficulties to prosperity. He was very successful and had a high reputation in the City, amassing 
a considerable fortune which he bequeathed to the Dyers’ Company. Armstrong always took pride i in Moody’s 
success in Finance as proving the all-round value of the heuristic training. 

Moody was exceptionally versatile and capable of great application. In addition to his London external 
degree of D.Sc., and we believe a degree in Music, he read for the bar and became a bencher of Grays Inn, being 
called to the Bar i in 1910 when he was 46. 


He took a considerable part in the affairs of London University, being a member of the Senate and of the 
Council for external students. 

Moody had a long connection with the Worshipful Company of Dyers and was elected Prime Warden in 
1936. Moody represented the Dyers’ Company on the City and Guilds Institute and served on their various 
committees as well as on the Delegacy which manages the City and Guilds College. He represented them also 
on the Medal Committee of the Society of Dyers and Colourists, a connection which led to his election as President 
of this society in 1936. 

He married Hester Sophia Dixon, one cf a large family, whose brothers, Walter Dixon, F.R.S., the pharma- 
cologist, and Vice-Admiral Sir Robert Bland Dixon, Chief Engineer to the Navy, both attained distinction. 

- Moody’s early cynicism induced by contact with unruly students developed with advancing age, but he 
retained and cherished his friendship with many old chemical friends. He and his wife found great pleasure 
in giving hospitality both in their charming house and gardens on Sydenham Hill and in town. 


E. F. ARMSTRONG. 


GEORGE SENTER. 
1874—1942. 


THE passing of the late Principal of Birkbeck College will have aroused many thoughts of gratitude and regret 
in those who love the College. For nearly the whole of the period between the two great wars he directed its 
development, and its graduates all over the world will remember the inspiration, advice, and practical help he 
has given them. They will regret that his years of retirement have been all too few and have been darkened 
by another war. 

George Senter was born on January 25th,.1874, at Kildrummy, Aberdeenshire. He was the son of a farmer 
in a corner of Scotland which escaped most of the troubles of the Stuart times and in which educational oppor- 
tunities have long been available for all classes. Senter soon showed his quality and won the Bell Scholarship 
of the Pharmaceutical Society, which brought him to the Society’s school in London, where he qualified as a 
pharmacist. His true love, however, was chemistry and he wooed her in the laboratories of Ramsay, at Univers- 
ity College, London, and in those of Ostwald at Leipsig. There he made many lifelong friends amongst the 
enthusiastic group of students who were founding the new science of physical chemistry. His gifts as teacher, 
writer and administrator were quickly recognised on his return to London. His most famous book, “‘ Outlines 
of Physical Chemistry,” was first published in 1909 and has run through seventeen editions. This book has 
inspired generations of students throughout the world and its clarity and common-sense attitude have been 
greatly valued. In 1912 the title of Reader was conferred on him and in the same year he was elected a member — 


_ of the Senate of London University. In 1914 he was appointed Head of the Chemistry Department of Birkbeck 


College. It is an interesting sidelight on the views held thirty years ago that this appointment required him to 
resign from the Senate. In 1918 he became Principal of the College and thereafter the story of his life is one of 
outstanding service to the College and the University. 

His first task as Principal was to revive the life of the College after the damage caused by the first world 
war. This was made more difficult by the large influx of students who crowded both day and evening classes. 
The writer well remembers the problems which arose in 1919 to 1921 with accommodation packed beyond capacity 
and the staff all too few and often inexperienced. Yet students, staff, and Principal were full of enthusiasm 
and these hectic years are a happy:memory. During this period two important events occurred which were 
largely due to the efforts of the Principal. The sports ground at Greenford was acquired in 1919 and in 1921 
the College was recognised as a School of the Uniyersity. This recognition was for five years in the first place : 
it was renewed in 1925 and finally was granted without time limit in 1932. The report of the University 
inspectors which led to this decision summarised the progress of the College in the following words, ‘‘ The 
College has expanded quickly in many directions and fulfils with increasing efficiency its original aim, namely, 
that of providing culture and instruction in the evening for students who are otherwise occupied in the daytime 
and who seek the degrees of the University. We believe that in _ aim and achievement Birkbeck College is 
unique in the British Isles.”’ 

Two features of the progress of the College i in the twenties and oie thirties may be mentioned, since they 
were particularly encouraged and fostered by the Principal. The first was the development of a corporate - 
student life which presented many difficulties in an evening College. Senter took a special interest in the activi- 
ties of the Students’ Union and was regularly to be found at the sports ground at Greenford not only on the 
high days of special athletic events but also on the pleasant informal occasions of the ordinary week-end activi- 
ties. The other feature of College life on which Senter laid special stress was the development of postgraduate 
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work. The success of this is shown by the fact that from 1931 until the outbreak of the present war about 180 
postgraduate students registered each session. They were divided almost equally between the Faculties of 
Arts and Science. 

As a physical chemist Senter made a number of important contributions to the science, and though he was 
Principal of Birkbeck College he for many years remained Head of the chemistry department and directed the 
work of a group of research students. His earlier work was concerned with the development of biological 
applications of the new science of physical chemistry and included some work on enzyme reactions. His maj or 
work was, however, thé application of methods of chemical kinetics in the problem of the Walden inversion. 


‘This was pioneering work undertaken at a time when little was known about the complexity of such reactions. 


In a series of papers published in the Journal of the Chemical Society between 1914 and 1925 Senter and his 
students shed a good deal of light on the problem of replacement reactions in solution. After 1925 his duties 
as Principal compelled him to give less and less time to this work. More recently Ingold and his collaborators 


-have made important advances in this field and have paid tribute to the valuable work which came from 


Senter’s laboratory. Senter’s contributions to the Faraday Society’s discussions must also be mentioned; in 
particular his introductory paper to the discussion on ‘‘ Passivity ’’ is a model of clearness as well as a summary 
of valuable information. Of his other publications his ‘‘ Outlines of Physical Chemistry ”’ has already’ been 
mentioned; his ‘“‘ Textbook of Inorganic Chemistry ’”’ has also been of great help to students. Both books 
are characterised by extreme clearness of expression and a common-sense attitude towards theory which are 
especially helpful to beginners. 

It would be tedious to recite all the University appointments which Senter held. Suffice it to say that he 
served on the Senate from 1912 to 1914, 1922 to 1923 and from 1928 to 1939. The last period he was ex-officio 
a member of the Senate in virtue of his position as Principal of the College. This brought Birkbeck into line 
with other large colleges whose heads are automatically Senators. In 1934 to 1935 he was Deputy Vice- 
chancellor. He served on many committees and boards; of these chemists will remember his helpfulness on 
the Board of Studies in Chemistry, of which he was Chairman for thirteen years. 

S. SUGDEN. 


94. The Reduction Potentials of Acridines, with ‘Sidi to their Antiseptic 
Activity. 


By B. BREYER, G. S. Bucuanan, and H. DuEwELt. 


The behaviour at the dropping-mercury electrode of acridine and of a number of its derivatives has been 
studied. It was found that the acridines are reduced in two stages, the first leading to the formation of a 
monohydroacridine radical, the second to dihydroacridine. Diffusion currents and concentrations of most 
acridines were found to be ‘mutually proportional in solutions from 10° to 10-5 m. The reduction potentials 
were measured through the pH range from 2 to 12, and, as a result, this further physical property has been 
correlated with the known relationship between degree of dissociation and biological activity of acridines. It 
was found that those members having a more negative reduction potential than — 0-400 v. (against the normal 
hydrogen electrode) at pH 7-3 are aor active biologically. 


In the endeavour to correlate stevelend and biological properties of acridines, Albert, Goldacre, and Rubbo 
have investigated the basicities and partition coefficients of a series of aminoacridines (Nature, 1941, 147, 
332, 709), and shown that the members most active against bacteria are at the same time. the most basic and 
the most hydrophilic. + 

In order to throw further light on the mode of action of acridine drugs, it seemed desirable to measure 
their reduction potentials and try to correlate the results with the antiseptic activity, especially as McIlwain 
has recently shown (Biochem, J., 1941, 35, 1311) that the antiseptic action of aminoacridines can be prevented 
by adding a hydrogen carrier to the broth in which the bacteria are growing. The effective hydrogen carriers 
were riboflavin, methylene-blue, and pyocyanine, substances lying within the range Ef (standard potential 
at a given pH) from + 11 down to — 275 millivolts at pH 7. _ This inhibition can itself be “ inhibited ”’ by 
adding more proflavine, and so on. MclIlwain concludes that proflavine acts (inter alia) by competing with a 
biological chemical, to wit a hydrogen carrier, within the bacteria for a place in an enzyme system vital to its 

owth. 

™ It seemed therefore important to know the reduction potential values E® of the aminoacridines to find out: 
(1) whether the active members are as negative in E® as would be required if the above theory is true; and 
(2) whether the ratio of the E®’ values of the active to the biologically inactive aminoacridines is such as to 
suggest that the value of the redox potential can be used as a measure of their activity, thus eliminating lengthy 
bactériological work. 

The reduction potentials of the acridine series now reported have been obtained with the help of the dropping- 
mercury electrode, i.e., by polarography. The application of this electrode for measurements of this kind seems 


’ justified, in spite of objections that have sometimes been raised, because it has been shown beyond doubt that 


the polarographic half-wave potential of organic substances, from an electrochemical point of view, is identical 
with the E*’ obtained by any other electrode arrangement (cf., e.g., Miller and Baumberger, Trans. Electrochem. 
Soc., 1937, 71, 181), provided of course that the electrode reaction be reversible, a limitation which applies 
equally to the “‘ classical ’’ way of measuring redox potentials. Furthermore, polarography is superior to the 
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usual method of estimating redox values when the number of electrons involved in the electrochemical reaction 
(or, for that matter, the number of hydrogen atoms consumed in the reduction of organic molecules) is to be 
established. The commonly used method relies for this kind of measurement fundamentally on the Nernst 
equation, which, however, is valid only when the electrochemical process is perfectly reversible. Polaro- 
graphically the number of electrons (or hydrogen atoms) taken up in the reduction is estimated with the help © 
of Ilkovié’s equation (Coll. Czech. Chem. Comm., 1934, 6, 498), which, being independent of the condition of 
electrochemical eqtilibrium, gives most satisfactory results. 
At the dropping-mercury electrode, acridine and its derivatives are reduced in two steps of equal height. 
By applying Ilkovic’s equation, viz., 17 = 605nD!Cm?*/* [where J, is the average diffusion current in micro- 
amp. (ua.) during the life of a mercury drop, » the number of faradays necessary to reduce one mol. of the 
substance, C the concentration of the substance in millimols. /l., m the rate of flow of mercury from the capillary 
in mg./sec., D the diffusion coefficient in cm.?/sec., and ¢ the drop time in seconds], it was found that only one 
hydrogen atom is taken up with each step, meaning that the first product of reduction is a free radical. For 
this and the other measurements, a very slow-dropping capillary has been used, for it has been found that the 
results so obtained are more accurate. Some experimental details, by way of example, are given below : 


CH 
9 
WAy SF 


Acridine. Monohydroacridine radical. 
Acridine in borate-HCl buffer, pH 9; temp. 0°. . 
First step: Ig = 0-130; D, = 4-63 x 10*; m = 0-577; ¢ = 8-87; C =0-1. Therefore m = 1-02. 
Second step: Ig = 0-132; D, = 4-63 x 10*; m = 0-660; ¢ = 7-52; C= 0-1. Therefore = 0-96." 
The diffusion coefficients at infinite dilution (D,) were calculated from Nernst’s equation, D, = RTA,/nF*. 
The value for A, (equivalent conductivity at infinite dilution) was obtained by Albert and Goldacre (J., 1943, 


' 454) on 2-amino-10-methylacridinium bromide at 0°, and found to be 19. 


The diffusion current for 10-4 m solutions of acridines, calculated from Ilkovic’s equation, is 0-135 wa. at 
0°. The values actually found for the different members of the series vary within a range of + 5% from the 
figure theoretically required. The diffusion current varies by 1:12% for 1°. The proportionality between 
step height and concentration is very good within the range of 10-*—10- m, except for acridine and 4-amino- 
acridine, which show proportionality only within the range 10+—10- m. In these two instances, at concen- 
trations higher than 10-4 m, the whole shape of the polarographic curve is altered as well. Three steps appear 
instead of the usualtwo. In the case of acridine the height of the first step remains unchanged within the whole 
range from 10° to 10-*m. At the same time the E,, (potential of the dropping mercury electrode at the mid- 
point of the step, referred to the normal hydrogen electrode) is shifted from — 0-042 v. to — 0-099 v. at pH 2, 
and from — 0-054 v. to — 0-124 v.at pH 4. The height of the second step diminishes with dilution, but there 
is no proportionality between dilution and step height. At a concentration of 10‘ m this second step dis- 
appears altogether. The potential shift with increasing dilution is considerable: at pH 2 from — 0-329 v. at 
10-3 m to — 0-473 v. at 1:25 x 10“ M, and at pH 4 from — 0-314 v. to — 0-454 v., respectively. The third 
step consists of a slow, drawn-out rise, and starts approximately at — 0-410 v. (pH 2) and — 390 v. (pH 4). 
It disappears at a dilution of 2-5 x 10¢m. For #aminoacridine, the height of the first step diminishes with 
dilution, but considerably less than is required theoretically. The potential is shifted from — 0-143 v. at 10-°m 
to — 0-166 v. at 10“ m at pH 2, and from — 0-174 v. to — 0-200 v. at pH 4. The height of the second 
step, as in the case of acridine, diminishes slowly with dilution, to disappear at a concentration of 10~ m. 
The potential shifts from — 0-313 v. at 10-* m to — 0-348 v. at 1-25 x 10M at pH 2, and from — 0-485 v. to 
— 0-536 v. at pH 4, The third step diminishes with dilution fairly closely to proportionality. The potential 
shifts from — 0-701 v. at 10-3 m to — 0-635 v. at 10 m (pH 2), and from — 0-76I v. to — 0-729°v. (pH 4). 

The most likely interpretation for this peculiar behaviour of acridine and 4-aminoacridine is that at con- 
centrations higher than 10~* m, an intermediate compound between the acridine and the free radical, pragluced 
during the first reduction step, is formed. These results are in agreement with those obtained by Lingane 
et al. (J. Amer. Chem. Soc., 1943, 65, 1348) with 5-phenylacridine, but they interpret the double wave to mean 
“the formation of a slightly soluble dimer of phenyl- and dihydrophenyl-acridines.”’ It seems doubtful 
whether this interpretation is correct, for no dihydroacridine is formed at as low a potential as that at which 
the first wave occurs. : 

It was interesting to find that the limit of concentration at which acridine will exist as a monomeric substance 

is 10 mM. This was deduced from the fact that no increase in height of the first step occurred as the con- 
was increased up to 10-3 m. 

The curve analysis of the acridiné steps, by plotting log i/(iz; — i) (ig = diffusion current, i = current at 
chosen successive points of the step) against applied E.M.F., yields a straight line as far as the first steps are 
concerned ; but the slope of the curve only exceptionally (e.g., in l-aminoacridine) approaches the theoretically 
required value of 59 mv. The values found range from 28 to 82 mv. The curve anatysis of the second steps 


only exceptionally shows a straight line (e.g., in 2 : 8-diaminoacridine) and the slope values vary from 53 to 
104 mv., an indication of the irreversibility of the process. 
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It is obvious that the two reduction processes take place on the nitrogen atom and the C, atom, respectively, 
but it had to be established if the first step in the reduction concerns the former and the second step the latter 
atom, or vice versa. From theoretical considerations it is to be expected that the reduction takes place first 
on the nitrogen atom. This-is confirmed by experiment : plotting of the half-wave potentials (E,) of the first 
steps against pH yields curves the bends of which correspond to the pK values found by Albert and Goldacre 
(loc. cit.) in the same series of acridines. It is interesting to note in this connection that in the case of acridone, 
which contains an imino-group, only one step is obtained at the dropping mercury eleétrode. This wave 
closely resembles the second reduction step of the other acridine derivatives, as can be seen from the £,-pH 
curve: the shift of E, with increasing pH follows closely the type of the second steps of the acridines, 7.¢., the 
curve shows first a steep slope and then flattens out after the pK bend has been reached. 

Table I contains the half-wave potentials of the acridine derivatives studied. With few exceptions (usually 
due to either maxima formation or extreme closeness of the two steps) the values are reproducible to approxi- 
mately + 10 mv. The maxima are difficult to suppress (only 0-05% of gelatine and in some cases methyl 
cellulose proved effective), and no E, values obtained with the help of suppressors are mpeee because it was 
found that their addition affects the E, potentials in a completely erratic way. 


Tasre I. 
(All potentials are negative.) 
pH: 2. 4. 5-5. 7-3. 9. 11-8. 

Ist 2nd Ist 2nd Ist 2nd Ist 2nd Ist 2nd Ist 2nd 
Substance. step. step. step. step. step. step. step. step. step. step. step. step. 
(a) 0-124 (a) 0-157 1-063 0-313 1-057 0-472 1-069 0-731 1-065 
1-Aminoacridine _...... 0-081 0-521 0-176 0-614 0-260 0-735 0-394 0-979 0-570 1-030 0842 1-041 
2- mo een 0-338 0-672 0-396 0-781 0-418 0-875 0-468 1-009 0-549 1-119 0-720 1-134 
3- “...° > uae 0-124 0-566 0-199 0-674 0-235 0-749 0-369 0-896 0-489 1-014 0-753 1-050 
4- | 0-166 0-635 0-200 0-729 0-209 0-847 0-301 - 0-954 0-423 1-005 0-672 - 1-006 

0-658 (a) 0-732 (a) 0-834 (b) 0-916 (b) 0-941 (b) 1-073 


2: 8-Diaminoacridine . . 0-445 0-597 0-604 0-774 0-690 0-929 0-731 1-059 0-706 1-177 0-830 1-225 
2 : 8-Diamino-10- 


smethylacridinium 

bromide .............4. 0-422 0-588 0-560 0-728 0-634 0-889 0-650 1-055 0-639 1-153 0-627 1-218 
2-Chloro-8-amino- 

acridine .... 0-264 0-646 0-302 0-767 0-378 0-868 0-402 0-473 1:077 (c) (c) 
3-Hydroxyacridine «+ 0-162 0-257 0-202 0-318 0-229 1-029 0-369 1-030 0-506 1-050 0-884 1-046 
Acridine-3-sulphonic 

ove 0-095 (a) 0-099 0-932 0-155 0-925 0-281 0-952 0-422 0-962 0-691 0-960 
ACTIGONE (c) (c) — 0325 — 0847 — 1191 — 1265 — 1-391 

(a) Hydrogen step overlaps. (6) Maximum formation. (c) Insufficiently soluble. 


The buffers used were: pH 2 and 4, citrate-hydrochloric acid; pH 5-5 and 7-3, phosphate; pH 9, borate- 
hydrochloric acid; pH 11-8, borate-sodium hydroxide, all after Sérensen. All solutions were 10-* mM with 
‘regard to the acridine derivative. A saturated calomel electrode served as an anode, but the potentials reported 
refer to the normal hydrogen electrode, as customary in biological work. The measurements were carried out 
in a thermostat at 25°. ' 

The reduction potentials for 2-amino-, 5-amino-, and 2 ; 8-diamino-acridine are noticeably higher than for 
the other componrids of the series, a fact exhibiting a parallelism with the pK values of these compounds as 
found by Albert and Goldacre (/oc. cit.), who showed convincingly that these variations are due to ionic resonance 

‘phenomena. This parallelism is particularly evident at lower pH values, whereas the differences are less 
pronounced at a pH of 9 and over. 

The results of this investigation indicate that there is a definite relationship between reductior potentials 
and chemotherapeutic activity of the acridines, in the sense that those members which have a more negative 
Ey, value for the first step than — 0-400 v. at pH 7-3, are biologically the most active (see Table II). 


TaBLeE II. 
Substance. Ey, v. (pH_ 7-3). Averaged bacteriostatic index.* 
4-Aminoacridine | —0-301 1-8 


* Values from Albert and ‘Goldacre (loc. cit.): they are expressed in powers of 2. 


In the case of the less active members of the series the order of c values does not run parallel with the 
bacteriostatic index, which is easily understood since the biological activity of acridines must be governed by 
other factors in addition to the reduction potential. For instance, it has been shown by Albert, Goldacre, 
and Rubbo (loc. cit.) and by Rubbo, Albert, and Maxwell (Brit. J. Exp. Path., 1942, 28, 69) that the degree of 
dissociation and the partition coefficient have a direct bearing on the bacteriostatic index of these compounds. 
There seems to be little doubt, therefore, that the biological activity of the acridines is not connected with a 
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single physical or chemical property, but is the result of the sum total of such properties. It is evident from this 
investigation that the active members of the series have reduction potentials so negative that they cannot be 
reduced under the conditions prevailing in the living organism. The highly negative reduction potential of 
the biologically most active acridines suggests that they react, by means of their basic groups, with a respiratory 
enzyme system, the activity of which is inhibited by the combination with the difficultly reducible acridine 
derivative. Such substances as thionine or methylene-blue, on the other hand, although their chemical 
structure and basicity are similar to those of the active acridines, display a negligible antiseptic value, most 
probably because of the fact that their redox potential is very near to that of the living cell. Therefore, their 
combination with the enzyme will not only not impair but, on the contrary, even effectively take the place of 
the respiratory system of the cell where this has been damaged by the previous administration of toxic sub- 
stances (cf. e.g., McIlwain, loc. cit., and Jancso and Jancso, Z. Immunitdts., 1936, 88, 275). 


We are greatly indebted to Dr. A. Albert, not only for the compounds used in this investigation, but also for very 
helpful discussion during the progress of the work. We also wish to thank Mr. J. B, Willis for preliminary work done 
in connection with this investigation. One of us (B. B.) is indebted to the University of Sydney for a Commonwealth 
Research Grant which made the work possible. : 


UNIVERSITY OF SYDNEY. 


‘ 


[Received, April 19th, 1944.] 


95. The Synthesis of Dimethyl Dimethylene 1-Idosaccharate. 
| By W. G. M. Jones and L. F. Wicerns. 


_ Methylenation of the calcium salt of J-idosaccharic acid has been effected, and the resulting dimethyl 
dimethylene /-idosaccharate shown to be identical with the ester obtained by the epimerisation of dimethyl 
dimethylene d-glucosaccharate and dimethyl dimethylene d-mannosaccharate. 


THE transformations taking place when dimethylene glucosaccharic acid or its dimethyl ester is treated with 
boiling baryta solution have been described by Haworth, Jones, Stacey, and’ Wiggins (this vol., p. 61). The 
product in either case was an isomeric dimethylene saccharic acid which could likewise be obtained by the treat- 
ment of dimethyl dimethylene d-mannosaccharate with hot alkali. It was postulated that the reaction taking 
place was one of epimerisation at C, in the case of the d-glucosaccharate and at C, and C, in that of the d-manno- 
saccharate, leading to the formation of the hitherto unknown dimethylene /-idosaccharic acid. This deduction 
~ now been completely verified by the synthesis of the dimethyl ester of dimethylene /-idosaccharic acid from 
-iditol. 

l-Iditol was prepared by the hydrogenation of /-sorbose over Raney nickel, and separated from the accom. 
panying d-sorbitol by acetylation of the product and subsequent fractional crystallisation of the hexa-acetates, 
Catalytic deacetylation of the /-iditol hexa-acetate gave crystalline /-iditol. Oxidation of the alcohol was 
effected by means of nitric acid, and /-idosaccharic acid isolated as the calcium salt. Methylenation of this salt 
by treatment with paraformaldehyde and concentrated sulphuric acid, followed-by esterification with methyl 
alcohol, gave dimethyl dimethylene /-idosaccharate, shown to be identical with the material obtained by 


epimerisation of dimethyl dimethylene d-gluco- and d-manno-saccharate. 


EXPERIMENTAL. 


1-Iditol Hexa-acetate.—l-Sorbose (50 g.) in water (300 c.c.) was hydrogenated over Raney nickel at 145° and 90 atm. 
for 6 hours. The filtered solution was evaporated to a syrup, which was boiled for } hour with acetic anhydride (200 c.c. 
and fused sodium acetate (25 g.). The product was poured into ice-water and the crystalline precipitate which separat 
was filtered off, washed with water, dried, and fractionally recrystallised from alcohol; two fractions were thus obtained, 
viz., hexa-acetyl /-iditol (30 g.), m. p. 122°, [a]}®* —24-8° (in chloroform;  c, 5-63), and hexa-acetyl d-sorbitol (35 g.), 
eo Bertrand (Bull. Soc. chim.,. 1905, 38, 166) gives m. p. 121-5° and [a]p —25-7° (in chloroform) for hexa-acetyl 

1-Iditol—Finely powdered /-iditol hexa-acetate (14 g.) was suspended in dry methyl alcohol (300 c.c.), sodium (50 mg. 
added, and the mixture shaken overnight until solution was complete. Evaporation —- l-iditol in quantitative yie 
as a syrup which slowly crystallised on keeping in a desiccator. It was used as such for the following experiment. 
_ Oxidation of |\-Iditol.—t-Iditol (5 g.) was vigorously oxidised by warming with 60 c.c. of nitric acid (d 1-15) on the boil- 
ing water-bath; excess of nitric acid was removed by repeated evaporation with addition of water from time to time, and 
the syrup finally obtained was diluted and neutralised at 70° with sodium hydroxide solution. Hydrated calcium 
chloride (5 g.) was then added, and the precipitated calcium ]-idosaccharate (6 g.) removed by filtration, washed with - 
water, and dried in air. . , 

Methylenation of Calcium 1-Idosaccharate——The calcium salt (3 g.) was mixed intimately with re 
@ g.), concentrated sulphuric acid (1-5 c.c.) added, and the mixture stirred to a thick paste and warmed over a bare flame 
or 30 minutes. Dry methyl alcohol was added, and insoluble calcium sulphate filtered off. The methyl-alcoholic 
solution was boiled under reflux for 2 hours, and the product crystallised from the hot solution. The crystals were 
collected and recrystallised from aqueous methyl alcohol. A further quantity of the crystals was recovered from the 
a oe of the esterification; total yield 0-9 g. (Found: C, 45-8; H, 5-3. Cale. for CygH,,O,: C, 45°6; H, 
5-5%). e crystals melted at 296° and were dimethyl dimethylene /-idosaccharate, the m. p. showing no depression on 

with a specimen of this material prepared by epimerisation of dimethylene d-glucosaccharic acid. 

The authors are indebted to Professor W. N. Haworth for his interest and to Imperial Chemical Industries, Ltd. 
(Dyestuffs Division), for a grant in aid of this work. é 

Tue A. E. Hitts LaBorarTorizs, 

THE UNIVERSITY, EDGBASTON, BIRMINGHAM. (Received, April 24th, 1944.) 
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96. .The Structure of Monomethylene d-Glucosaccharolactone. 
By W. G. M. Jonzs and L. F. Wicarns. 


Monomethylene glucosaccharolactone has been oxidatively degraded to monomethylene xylotrihydroxy- 
glutaric acid, shown to be identical with the product of methylenation of xylotrihydroxyglutaric acid. The 
methylene group is therefore engaged in acetal formation with the hydroxyl groups at C, and C, of the carbon 
chain, and the substance is to be assigned the structure of 2 : 4-monomethylene glucosaccharic acid 3 : 6-lactone. 
Structures are assigned to the dimethylene derivatives of the saccharic acids and hexahydric alcohols described 
in previous Communications. Methylated derivatives of monomethylene glucosaccharic acid are also described. 


In a description of the methylene compounds of saccharic acids and hexahydric alcohols (this vol., pp. 58, 61) 
we have been confronted with several possibilities for the configuration of the methylene groups in these com- 
pounds. For instance, in the dimethylene sorbitol prepared by methylenation of 1 : 6-dibenzoyl sorbitol 
(Haworth and Wiggins, this vol., p. 58) there are three possible allocations of the methylene groups, involving 
the hydroxyl groups at C, : C, and G, : C, (I), at C,: C; and C,: C, (II), and at C,: C, and C, : C, (ITI). 


H,-OH H;-OH 
H 
, NCH, i-\cu, 
2 
2 
H,-OH H,-OH H,-OH 
(I.) (I1.) (III.) (IV.) 


It has been shown that it is possible to oxidise both dimetpylene sorbitol and dimethylene mannitol to the 
corresponding saccharic acids and that, furthermore, these acids epimerise on treatment with hot alkali, giving 
a common product, dimethylene /-idosaccharic acid (Haworth, Jones, Stacey, and Wiggins, this vol., p. 61). 
Hence, it is to be concluded that all these dimethylene derivatives of the hexahydric alcohols and saccharic 
acids have the same arrangement of the formaldehyde residues. It has been shown by Haworth and Jones 
(this vol., p. 65) that monomethylene glucosaccharolactone reacts with methyl-alcoholic hydrogen chloride to 
give dimethyl monomethylene glucosaccharate, which can be completely methylenated to give dimethyl 
dimethylene glucosaccharate. If the disposition of the methylene groups in monomethylene glucosaccharo- 
lactone can be ascertained, and if it is assumed that no change in position of the methylene group occurs on 
further treatment with formaldehyde, then the orientation of the methylene groups in all the dimethylene 
hexahydric alcohols and saccharic acids mentioned previously will have been determined. 

Monomethylene glucosaccharolactone has in fact been shown to be the 2: 4-methylene compound (IV). 
Hence, since C, is involved in acetal formation with formaldehyde, the y-lactone ring of monomethylene gluco- 
saccharolactone must involve C, and C,. As the only free alcoholic hydroxyl groups in monomethylene 
glucosaccharic acid are at C, and C,, it follows that dimethylene glucosaccharic acid formed from it by further 
methylenation is 2: 4-3 : 5-dimethylene glucosaccharic acid. It is concluded therefore that the structures 
of dimethylene glucosaccharic acid and its epimers, and of the dimethylene hexahydric alcohols from which 
they have been derived, are such that the methylene groups in each are attached to alternate carbon atoms C, 
and C,, and C, and C;,. 

Monomethylene glucosaccharolactone may have one of the structures shown in (IV)—(IX). In these the 
methylene group joins C, and C, (IV), C, and C, (V), C, and C, (VI), C, and C, (VII), C, and C, (VIII), C, and 
C, (IX). Formula (VIII) is eliminated because monomethylene glucosaccharolactone is a y- and not a 8-lactone, 


O,H 
H H H OH “CH, 
OH 2 H-C-O~ 
H 


CO,H 


0,H 
(VII). (VIII.) (IX.) 


and (IX) is improbable because lactone ring formation would be expected to be sterically hindered by the 
methylene grouping. The rate of oxidation with lead tetra-acetate of the dimethyl monomethylene gluco- 
saccharate derived from the lactone (Haworth and Jones, Joc. cit.), determined by Hockett and McClenahan’s 
method (J. Amer. Chem. Soc., 1939, 61, 1667), was extremely slow, a fact which eliminates structures containing 
glycollic acid groups, viz., (VI) and (VII). A decision between the remaining possibilities (IV) and (V) 
was made on the basis of an examination of the products of oxidative degradation of monomethylene gluco- 
saccharolactone. 

The oxidative degradation was carried out by means of chremic anhydride in glacial acetic acid solution 
and a substance corresponding in composition to a dimethyl monomethylene trihydroxyglutarate was isolated. 
The product was optically inactive and was therefote more probably the dimethyl ester of monomethylene 
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xylotrihydroxyglutaric acid. Onhydrolysis, the free acid, m. p. 254°, wasobtained. Authentic monomethylene 
xylotrihydroxyglutaric acid (X), prepared by the procedure described below, had the same m. p. and a mixture 


0,H 0,H 
OCH 
(*) ‘ HC-OH (XE) 
0.H 
0.H 


of the two showed no depression of m. p. This xylotrihydroxyglutaric acid could only have arisen from (IV) : 
(V) would yield an acid with the arabinose configuration (XI). A Weerman test on the diamide derived from 
(X) showed the absence of «-hydroxy-groups, thus confirming the allocation of the methylene linkages to C, 
and C,. Monomethylene glucosaccharolactone, therefore, has the structure represented by (IV). In the 
preparation of the reference compound, calcium xylotrihydroxyglutarate, prepared from d-xylose by Fischer’s 
method (Ber., 1891, 24, 1836), was methylenated with paraformaldehyde and concentrated sulphuric acid, and 
the product isolated as its dimethyl ester. This was identical with the product obtained from the oxidation 
of monomethylene glucosaccharolactone. Hydrolysis gave the monomethylene xylotrihydroxyglutaric acid. 
This acid had m. p. 254°, whereas Lobry de Bruyn (Rec. Trav. chim., 1900, 19, 180) gives m.«p. 242°. 

By the methylation of dimethyl monomethylene glucosaccharate with silver oxide and methyl iodide, two 
crystalline products were obtained, viz., dimethyl 3: 5-dimethyl 2: 4-monomethylene glucosaccharate and 5- 
methyl 2: 4-monomethylene glucosaccharolactone methyl ester. Oxidation of the former afforded crystalline 
products which are still under investigation. . 

In the course of this work the following new crystalline compounds were also prepared : dimethyl 3-methyl 
2: 4-monomethylene xylotrihydroxyglutarate and the diamide of the acid. 


~ 


EXPERIMENTAL. 


Oxidation of Dimethyl Monomethylene Glucosaccharate with Lead Tetra-acetate —The ester (0-0005 mol.) was dissolved 
in glacial acetic acid (49 c.c.), lead tetra-acetate solution (50 c.c.) [prepared by dissolving lead tetra-acetate (15 g.) in 
glacial acetic acid (500 c.c.)] added, and the solution made up to 100c.c. 10-C.c. portions were withdrawn from time to 
time, run into potassium iodide-sodium acetate buffer, and the liberated iodine titrated with 0-02N-sodium thiosulphate. 
Hence, the number of g.-atoms of oxygen used per mol. of ester:could be calculated : 3 mins., nil; 40 mins., 0-02; 119 
ap 0-02; 257 mins., 0-04. There is, therefore, no rapid oxidation of dimethyl monomethylene glucosaccharate with 

is reagent. 

Oxidation of Monomethylene Saccharolactone with Chromic Anhydride.—The lactone monohydrate (2 g.) was suspended 
in glacial acetic acid (75 c.c.) (the prismatic changed into feathery crystals, corresponding to conversion into the anhydrous 
form), the suspension stirred vigorously at room temperature, and a solution of chromic anhydride (1-5 g.) in glacial 
acetic acid (50 c.c.) added dropwise during 2 hours, stirring being continued overnight; the clear green solution was 
then evaporated under diminished pressure, and water evaporated over the residue in order to remove all the acetic acid. 
The residue was then dissolved in water, and a slight excess of barium hydroxide solution added to precipitate chromium 
hydroxide, which was centrifuged off and washed well with cold water. Barium was removed from the combined filtrate 
and washings by addition of the correct amount of n-sulphuric acid, and after the bariiim sulphate had been centrifuged 
off, the filtrate was evaporated to dryness. The residue was esterified by boiling for 6 hours with 2% methyl-alcoholic 
hydrogen chloride. The acid was then neutralised with silver carbonate, the silver residues filtered off and washed 
with methyl alcohol, and the filtrate and washings evaporated to dryness. This residue deposited crystals (0-06 g.) 
after dissolving in a little warm alcohol. The crystals were moderately spluble in water but could be crystallised from a 
concentrated solution. The substance showed m. p: 203—204° and was optically inactive. A repeat preparation from 
5 g. of monomethylene saccharolactone monohydrate gave 0-4 g. of the crystalline product, m. p. 204°, which was dimethyl 
eT neé sylotrihydroxyglutarate (Found :.C, 44-3; H, 5-5; OMe, 27-1; M, by titration, 216. C,H,,0, requires 
C, 43-7; H, 5-5; OMe, 28-2%; M, 220). 

2: 4-Monomethylene i-Xylotrihydroxyglutaric Acid.—Dimethyl monomethylene i-xylotrihydroxyglutarate (27 mg.) 
was suspended in water and heated with 0-064n-baryta solution (4 c.c.) at 60° for 1} hours. The correct amount of 
n/100-sulphuric acid was added, and the solution filtered and evaporated to dryness. Recrystallisation from aqueous 
alcohol gave monomethylene i-xylotrihydroxyglutaric acid as prismatic crystals, m. p. 253—254° (Found: C, 37:8; 
H, 3-8. Calc. for C,H,O,: C, 37-5; H, 41%). 

2: 4-Monomethylene i-Xylotrihydroxyglutarodiamide.—The dimethyl ester (33 mg.) was suspended in dry methyl 
alcohol (5 c.c.), and the solution saturated with ammonia at 0°. The ester rapidly dissolved and crystals separated. 
After being kept for 72 hours, these were filtered off and recrystallised from methyl alcohol; yield, 27 mg., m. p. 286° 
(Found: C, 37-7; H, 5-0. C,H,,O;N, requires C, 38-0; H, 5-3%). A Weerman test for an a-hydroxy-group gave a 
negative result. ; 

Dimethyl 3-Methyl 2: 4-Monomethylene 2: 4-monomethylene xylotrihydroxy- 
glutarate (33 mg.) was methylated by three treatments with silver oxide and methyl iodide. The product was extracted 
after each treatment several times with boiling chloroform. A crystalline residue was finally obtained which was re- 
ou. from ethyl alcohol; yield, 20 mg., m. p. 157° (Found: C, 46-3; H, 6-1. C,H,,0, requires C, 46-1; H, 

0%). 

Dimethyl 3-Methyl 2 : 4-Monomethylene Xylotrihydroxyglutarodiamide.—The above ester (12 mg.) was dissolved in dry 
methyl alcohol, and the solution saturated with ammonia gas at 0°, whereupon the solution was set aside at 0° for 74 
hours. Evaporation at room temperature in a vacuum gave a crystalline diamide, which recrystallised from methyl 
5%), in the form of prisms (8 mg.), m. p. 295° (decomp.) (Found: C, 41-9; H, 5-8. C,H,,0,N, requires C, 41-7; H, 

Dimethyl Monomethylene Xylotrihydroxyglutarate from d-Xylose.—d-Xylose (10 g.) was heated with nitric acid (30 c.c. ; 
d 1-2) at 40° for 8 hours with occasional stirring (see Fischer, Joc. cit.). The liquid was then evaporated in an open dish 
with the addition of water from time to time until most of the nitric acid evaporated. The solution was then 
neutralised ‘at the boil with calcium carbonate, filtered, and evaporated to 70 c.c.; the calcium salts then separated ; 
yield, 9g. A portion (1 g.) of the calcium salt of xylotrihydroxyglutaric acid was mixed with paraformaldehyde (1 g.) 
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and concentrated sulphuric acid (0-8 c.c.), and the mixture gently warmed for 20 mins.; it was then diluted with dry 
methyl alcohol (80 c.c.) and refluxed for 4hours. After neutralisation with barium carbonate, filtration, and evaporation, 
a semi-solid residue was obtained which yielded crystals of dimethyl monomethylene xylotrihydroxyglutarate, m. p, 
203—204°, not depressed in admixture with the product obtained by oxidation of monomethylene glucosaccharolactone, 
The lactone again showed no optical activity. : 

Methylation of Dimethyl Monomethylene Glucosaccharate.—The ester (10 g.) was dissolved in acetone—methy] iodide 
(70 c.c.; 1:1), and silver oxide (20 g.) added during 10 hours at 50°. Some crystals were formed, and the product was 
isolated by extraction with acetone. This operation was repeated five times without any attempt at fractionation of the 
product. The syrupy product finally obtained by distillation of the acetone extract was dissolved in a small amount of 
acetone and diluted with ether. Crystallisation occurred immediately, and the crystals were filtered off, washed with 
acetone and ether, and recrystallised from water. Methyl 5-monomethyl 2: 4-monomethylene glucosaccharo-3: 6-lactone 
was obtained as long needles (1-2 g.), m. p. 149° (Found: C, 45-9; H, 5-5. C,H,,0, requires C, 46-0; H, 5-2%). 

The mother-liquors were concentrated, the syrupy residue dissolved in the minimum of ether, and the solution set 
aside. Crystallisation occurred, and the crystals which separated were collected and recrystallised from acetone-ether, 
forming long needles (3-0 g.), m. p. 96—97° (Found: C, 48-2; H, 6-5; OCHs,, 44:7. C,,H,,0, requires C, 47-5; H, 
6-5; OCH;, 446%); these were dimethyl 3: 5-dimethyl 2: 4-monomethylene glucosaccharate. The mother-liquors on 
concentration gave a yellow, fairly viscid syrup which not been farther examined. ; 

Oxidation of Dimethyl 3 : 5-Dimethyl 2 : 4-Monomethylene Glucosacchavate.—The ester (1-0 g.) was dissolved in nitric 
acid (10 c.c.; d 1-42), and the solution gradually heated to 90° by warming in a water-bath, being kept at that temper- 
ature for 1 hour; thereafter nitric acid was removed in the usual way. The syrupy residue was boiled with 2% 
methyl-alcoholic hydrogen chloride (50 c.c.) for 7 hours, the solution neutralised with silver carbonate, and the ester 
product isolated. It distilled at 165°/0-06 mm. (bath temp.), n}$** 1-4642, yield 0-34 g. The amide was prepared by 
dissolving a portion of the ester in dry methyl alcohol (2 c.c.) and saturating the solution with ammonia at 0°; m. p. 176° 
after recrystallising from methyl alcohol (Found: C, 41-3; H, 6-7%). 

Methylation of Estevified Oxidation Product.—This was methylated by three treatments with methyl iodide (3 c.c.) 
and silver oxide (1 g.), the product being extracted with chieseteemn. A fairly viscid syrup was obtained, distilling at 
130°/0-02 mm. (bath temp.), 20° 1-4457, [a]? + 8-08°. 

e amide was prepared by means of methyl-alcoholic ammonia in the usual manner, and appeared to be a mixture 
of two products: (a) recrystallised from water, m. p. 261° (Found : C, 41-8; H, 7-5%), and (6) recrystallised from methyl 
alcohol, m. p. 205° (Found: C, 42-6; H, 7-2%). Neither of these amides, however, has been identified. 


The authors are indebted to Professor W. N. Haworth, F.R.S., for his interest, and to Imperial Chemical Industries 
Ltd. (Dyestuffs Division) for a grant in aid of this work. 


Tue A. E. Hitt 
THE UNIVERSITY, EDGBASTON, BIRMINGHAM. [Received, April 24th, 1944.] 


97. Studies on Indene Derivatives. Part III. The Constitution and Some Re- 
actions of Bishydroxyindone. The Photochemical Reduction of Triketohydrindene. 


By ALEXANDER SCHONBERG and RADWAN MOUBASHER. 


The structures of bis-1 : 3-indanedione (I) and 9 : 10-dihydroxynaphthacene-11 : 12-quinone (VII) are dis- 
cussed. The photochemical reduction of triketohydrindene (XI) by isopropyl alcohol yields hydrindantin (XII). 


(A) A DARK violet compound usually known as bis-1-: 3-indanedione (bisdiketohydrindene) (I) has frequently 
been described (Gabriel and Leupold, Ber., 1898, 31, 1160; Voswinkel, Ber., 1909, 42, 467; Dan Radulescu, Cenir., 
1923, III, 140; Wanag, Ber., 1937, 70, 274; 1939, 72, 973), but Hantzsch and Lister (Aunalen, 1912, 392, 
319) expressed doubt about its ketonic nature and Eok and Marvel (J... Amer. Chem. Soc., 1935, 57, 1898) have 
stated that, since only two pheny] groups can be introduced into the molecule by the action of phenylmagnesium 
bromide, it must exist largely in the dienolic form. "We now show that bis-1 : 3-indanedione is the corre- 
sponding dienol (IV, R = H) in the solid state, and, as all its reactions in neutral solvents may be explained 
on the basis of this formula, we propose to replace that name by bishydroxyindone. 


C(OR 
C(OR) 
(I; R= a) (II; R = Me.) - (III.) (IV.) 
(Ila; R = OH.) 


Dimethylbisindanedione (II) is colourless. Its constitution is established beyond doubt by its preparation 
from 2-methylindanedione (Gabriel and Leupold, Joc. cit., p. 1163). According to modern views a compound 
of constitution (I) should be colourless if (II) is colourless. On the other hand, 

C-OH co (IV, R = H) would explain not only the violet colour of the compound but also the 

cut Nc H, facts that it dissolves readily in cold aqueous sodium hydroxide with formation of a 
“7 ee” ** brown solution and reacts with diazomethane, giving an orange dimethyl ether (III or 
H IV, R=Me). This is easily converted into (IV, R =H) by the action of 


(V.) sulphuric acid. Bishydroxyindone sublimes without decomposition in a vacuum 

- at 340°: it is stable: to oxygen at room temperature, but is readily oxidised by 

oxygen to phthalic anhydride at about 340° in the presence of selenium. We failed to obtain the two forms 

(III and IV, R = H) of bishydroxyindone possible according to classical theory. It seems probable that 
(III and IV, R = H) and also (V) represent extreme forms of the same resonance state. 
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(B) Comparison of the Reactions of Bishydroxyindone and 9 : 10-Dihydroxynaphthacene-11 : 12-quinone.— 
There is a close relationship between bishydroxyindone (IV, R = H) and 9: 10-dihydroxynaphthacene-11 : 12- 
quinone (VII), not only because the former can be very simply converted into the latter by the action of 
ammonia (Wanag, Ber., 1937, 70, 274), but also because the corresponding resonance structures of the 
two substances show close similarities with one another (comp. III, R=H, with VII; IV, R= H, with 
VIII; V with VI). We have therefore compared the chemical reactivities of the two substances : bishydroxy- 
indone proved to be much the more reactive, possibly owing to the presence of a seven-membered chelate 
ring (comparatively unstable) (V), whereas in 9 : 10-dihydroxynaphthacene-11 : 12-quinone, which does not 
react with diazomethane, there is a six-membered chelate ring (comparatively stable) (VI) [comp. also 
o-hydroxyacetophenone (IX), which does not react with diazomethane (private communication by A. Schénberg 
and Mrs. Abdel Fattah Ismail)]. The same explanation may be given to account for the slight solubility in 
aqueous alkali at 25° of (VII), in contrast to bishydroxyindone. 


H 
970 
\ 
(VI.) (VIII.) (IX.) (X.) 


(C) The photochemical reduction of benzophenones by isopropyl alcohol in sunlight yields pinacels (Cohen, 
Rec. Trav. chim., 1920, 39, 243; Bachmann, Org. Synth., 14, 8; Schénberg and Mostafa, this vol., p. 67). 
Very little is known about the photochemical reduction of polyketones under the above conditions. We 
have found that the red triketohydrindene (XI) (Schénberg and Moubasher, J., 1943, 71) is converted into 
the colourless hydrindantin (XII), previously prepared in the dark by the action of hydrogen sulphide. on 


(XI.) —> OK (XII) 
H 


ninhydrin (X) (Ruhemann, J., 1911, 99, 797). - Thus, in this case, the photo-reduction product is not a pinacol, 
but an ether. The pinacol (IIa), prepared by Gabriel and Leupold (loc. cit., p. 1164) in the dark, is very 
different in properties from the photo-product obtained from triketohydrindene. 


EXPERIMENTAL. 


Action of Diazomethane on Bishydroxyindone (IV, R = H).—The powdered substance reacted b greny | with an 
ethereal solution of diazomethane, dissolving in the cold after 24 hours; the ether was then driven off, and the residue 
crystallised from methyl alcohol. The first crystals did not appear uniform under the microscope; after seven recrystal- 
lisations, the first crop being used each time, uniform orange crystals of the dimethyl ether, m. p. about 112° (decomp.) 
(depending on the rate of heating), were obtained, easily soluble in methyl alcohol and ether and insoluble in sodium 
hydroxide solution (Found: C, 75-2; H, 4:8. C,9H,,O, requires C, 75-4; H, 4-4%). 

The ether was treated with cold concentrated sulphuric acid and then left for several minutes in a water-bath at 
50°. The violet solution obtained, when cold, was poured on ice, giving a violet deposit, which, dried and crystallised 
from nitrobenzene, gave bishydroxyindone, m. p. 297°, undepressed by an authentic specimen. e 

Action of Oxygen on Bishydroxyindone in Presence of Selenium.—Bishydroxyindone (0-5 g.) was powdered with red 
selenium (1 g.) and heated at 340° (bath temperature) in a current of air. A sublimate of colourless crystals of phthalic 
anhydride, m. p. 130°, was obtained. The same reaction, carried out with the dimethyl ether (III or IV, R = Me), 
also gave phthalic anhydride. 

Diazomethane and 9: 10-Dihydroxynaphthacene-11 : 12-quinone—The quinone, after prolonged treatment with 
diazomethane as described above, was recovered unchanged. It crystallised easily from dioxan. 

Diazomethane and o-Hydroxyacetophenone (A. Schénberg and Mrs. A. F. Ismail).—o-Hydroxyacetophenone, after 
treatment with diazomethane during 3 days in the cold, was recovered unchanged and identified by its acetyl derivative 
and by the violet colour reaction with ferric chloride solution. 

Photochemical Reaction bet Triketohydrindene and isoPropyl Alcohol.—Freshly prepared triketohydrindene (XI 


.(2 g.), suspended in freshly distilled isopropyl alcohol (10 g., dried with calcium carbide) in a closed tube, was expo 


to sunlight for 10 days. The red substance gradually disappeared and a colourless solid was formed. The excess of 
isopropyl alcohol was then removed in a vacuum, and the residue crystallised from acetone. The photo-product showed 
the properties of hydrindantin (XII); it turned red at about 200° and decomposed at higher temperatures with evolu- 
tion cf gas, and formed a blue solution with sodium hydroxide (fotmation of a sodium salt after enolisation). It was 
crystallised from acetone and air-dried (under these conditions it forms a dihydrate; comp. Ruhemann, loc. cit.) (Found : 
60-0; H, 4-2. Calc. for CygH,,0,,2H,O : Cc, 60-3; H, 3-9%). 


— Fovap I UnIvERsity, Catro, Ecypr. 


(Received, February 3rd, 1944.] 
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98. Azoxysulphones, their Preparation and Properties, with Observations 
on the Structure of Diazotates. 


By W. V. Farrar and J. Masson GULLAND. 


Chloramine-t and related compounds have been shown to condense with a number of aromatic nitroso- 
compounds to give products which it is proposed tocallazoxysulphones. The preparation and properties of some 


typical members of this new series are described, and the implications of their hydrolysis to diazo-compounds 
are discussed. 


CHLORAMINE-T (sodio-p-toluenesulphonchloroamide) reacts readily with thio-ethers, eliminating sodium 
chloride to give crystalline compounds known as “ sulphilimines ’’ (I) (Mann and Pope, J., 1922, 1052); these 
are clearly similar in structure to sulphoxides, and, when R and R’ are different, can be resolved into optical 


(IL) 
R’ R”. 


isomers (Clarke, Kenyon, and Phillips, J., 1927, 188; Holloway, Kenyon, and Phillips, J., 1928, 3000). Re- 
action of chloramine-t with thiols and with disulphides gives more complex compounds of sulphilimine type 
(Phillips and Kenyon, J., 1930, 1225; Alexander and McCombie, J., 1932, 2087). 

Analogously, the condensation of chloramine-tT with tertiary phosphines (Mann and Chaplin, J., 1937, 527) 
‘and arsines (Mann and Pope, Joc. cit.; Mann, J., 1932, 958) leads to “‘ phosphinimines ’’ (II, X = P) and 
'“ arsinimines ”’ (II, X = As), related to phosphine oxides and arsenoxides in the same way as sulphilimines to 
sulphoxides. 
_ From the above examples, it would seem that, given a compound A capable of being oxidised to A>O, 
the reaction of A with chloramine-t might lead to A>N-SO,°C,H,, the group C,H,°SO,°N functioning as a 
kind of ‘‘ pseudo-oxygen.”” This was shown to be incorrect, however, by Mann and Pope (loc. cit.), who found 
that no reaction occurs between dimethylaniline and chloramine-t to give a compound analogous to an amine 
oxide (II, X = N). 

The possibility that chloramine-t would react with nitroso-compounds to give substances of the type (III) 
appears, however, to have been overlooked. We have investigated this point, and find that reaction does in 
fact occur, giving the expected products, for which we propose the name ‘‘ azoxysulphones ”’ by analogy with 
the “‘ diazosulphones ’’ first prepared by Koenigs (Ber., 1877, 10, 1531). Thus the product from nitrosobenzene 


(III.) Ar—N@ Ar—N& 
N‘SO, Ar’ Ar’ 


and chloramine-t (III; Ar = Ph, Ar’ = p-C,H,Me) is to be called ‘‘ phenyl p-tolyl azoxysulphone,”’ the radical 
attached to nitrogen being named first. It should be noted that two formule (III and IIIa) .can be written, 
differing only in electron distribution; the azoxysulphones, therefore, must be regarded as resonance hybrids 
between these two unperturbed states, and it seems not improbable that the relative stability of these compounds 
may be due to this feature, whereas compounds of type (II, X = N), lacking resonance, are too labile to exist. 

The reaction between nitroso-compounds and chloramine-t proceeds smoothly in pyridine solution at room 
temperature or-on the water-bath. Exclusion of water is not necessary; in fact a 30—40% yield of azoxy- 
sulphone is obtained (though mixed with much troublesome tar) when chloramine-t and p-nitrosodimethyl- 
aniline are simply shaken overnight in aqueous suspension. 

Successful condensations were carried out with chloramine-t and the following nitroso-compounds : p-nitroso- 
dimethyl- and -diethyl-anilines, nitrosobenzene, o- and /-nitrosotoluenes, m-nitronitrosobenzene, and 
p-nitrosophenetole. m-Dinitrosobenzene (Alway and Gortner, Ber., 1905, 38, 1899) reacted with two molecules 
of chloramine-t to give a ‘bisazoxysulphone. In addition, sodiobenzenesulphonchloroamide (chloramine-B) 
was condensed with p-nitrosodimethylaniline, and reaction of chloramine-B with nitrosobenzene gave the 
parent compound of the series, diphenyl azoxysulphone (III; Ar = Ar’ = Ph). 

Some interesting failures of this synthesis were encountered. p-Nitrosophenol reacted violently with 
chloramine-t in pyridine solution, giving brown tarry materials. 5-Nitroso-2-cresol behaved in the same way ; 
in dilute alcoholic solution the reaction was not so vigorous, but the products were similar. p-Nitrosoaniline 
(Fischer and Hepp, Ber., 1887, 20, 2471) and p-nitrosomethylaniline appeared to react normally with 
- chloramine-t in pyridine, but the products were deeply-coloured, amorphous materials only slightly soluble in 
organic solvents, giving faintly réd solutions; they could not be satisfactorily purified, and as they had no basic 
properties it seems likely that their constitution is more complex than that of the simple azoxysulphone (III, 
Ar = p-NH,’C,H, or p-NHMe-C,H,; Ar’ = ~-C,H,Me). This anomalous behaviour is probably to be con- 
nected with the fact that all four of these nitroso-compounds can become quinonoid. derivatives by proto- 
tropic change. In this connection it is noteworthy that p-benzoquinone itself reacts readily with chloramine-t 
when their solutions in cold alcohol are mixed, giving ill-defined, brownish-purple substances which we have 
not investigated. 


No combination appears to occur between chloramine-T and either N-nitroso-compounds, typified by pheny!- 
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methylnitrosoamine, or azobenzene under the conditions which suffice for C-nitroso-compounds. Our experi- 
ments on these points have, however, not been exhaustive. 

The azoxysulphones so far prepared by us fall into two well-defiried groups. * Those not containing a dialkyl- 
amino-substituent (such as diphenyl azoxysulphone) are very pale yellow, well-crystallised substances, insoluble 
in water, but fairly readily soluble in organic solvents; they melt (with one exception) in the region 106—128° 
without decomposition. The only bisazoxysulphone yet prepared is also pale yellow, though less soluble, and 
melts at 208° with decomposition. The p-dialkylamino-derivatives, on the other hand, are very deeply coloured 
(red, red-brown, or bronze) and sparingly soluble in low-boiling organic solvents; they all melt around 180° 
with decomposition. These properties indicate a certain polarity in their structure, which may be perhaps 

represented by resonance of the azoxysulphone form with a quinonoid 
form suchas (IV). This view is supported by the fact that in concentrated 


Ne 7 hao acid solution, where hydrolysis is absent, the cation of the reat is colour- 


(IV.) less, having presumably the structure (III and IIIa, Ar = NHR,Ph-). 

‘ Compared with the closely-related diazosulphones, the azoxysulphones 
are stable compounds. Their reactions have mainly been studied by using the readily accessible phenyl 
p-tolyl azoxysulphone. 

Reduction of the azoxysulphone with zinc dust and acetic acid in alcoholic solution gives a good yield of the 
phenylhydrazide of toluene-p-sulphonic acid. This is valuable confirmatory evidence of the structure assigned 
to the compound. The azoxysulphone is attacked only slowly by boiling acid, neutral, or alkaline perman- 
ganate, acetone-permanganate solution, or acid potassium dichromate. Cold concentrated nitric acid has no 
action, and small quantities of the azoxysulphone can be crystallised unchanged from the warm acid. Bromine 
in chloroform is not decolorised. This resistance to substitution could be predicted on constitutional grounds. 

When heated alone, all the monoazoxysulphones decompose with some violence at about 180—200°; 
sulphur dioxide is evolved and a tarry or coke-like residue is left. 

Phenyl p-tolyl azoxysulphone is not significantly affected by prolonged boiling with dilute (2N) acids and 
alkalis. Distillation with 50% sulphuric acid, however, affords considerable quantities of phenol (identified 
as 2:4: 6-tribromophenol). The resultant reaction can be expressed as: Ph-NO:N-SO,-C,H, + H,O —>» 
Ph-OH + N, + C,H,°SO,H, but the formation of phenol strongly suggests that a diazonium salt is an inter- 
mediate in the hydrolysis. The following experiments, ‘made to test this theery, show beyond doubt that 
diazo-compounds are produced when azoxysulphones are hydrolysed by either acids or alkalis, and the theoretical 
implications are dealt with below. (i) Phenyl p-tolyl azoxysulphone dissolves smoothly in ice-cold concen- 
trated sulphuric acid; the solution, when diluted with water, exhibits the reactions of benzenediazonium 
sulphate solution. Diphenyl azoxysulphone, treated similarly, yielded benzenesulphonic acid. (ii) When 
the azexysulphone is refluxed with 30% sodium hydroxide, a solution of benzene isodiazotate is formed. 
(iii) When the azoxysulphone is boiled for a few seconds with aqueous-alcoholic alkali containing 8-naphthol, a 
good yield of benzeneazo-$-naphthol is obtained. 

From these experiments it seems a possible assumption that the primary product of the hydrolysis of an 
azoxysulphone is a n-digzotate. This then apparently reacts according to the conditions, giving an azo- 
compound with $-naphthol, an isodiazotate with hot concentrated alkali, a diazonium salt with acid, and a 
phenol with boiling acid. 

There has been much discussion about the constitution of u-diazotates, much of which has become meaning- 
less in the light of modern theories of valency. It is clear, however, that only two formule are now seriously 
put forward as possible structures for the m-diazotate ion, viz., (V) and (VI). Formula (V) forms the basis of a 


Ar-N! 
(V.)  Ar-NIN-O- ¥ (VI.) 


modified Hantzsch theory, which regards n- and iso-diazotates as the syn- and anti-isomers of the above com- 
pound, the correlation between the identity of the isomer and the geometrical configuration being left open. 
Formula (V1), originally proposed rather speculatively by Bamberger, was later supported (with fresh evidence) 
by Angeli, who regarded n- and iso-diazotates'as being related in the same way as the two forms of an un- 
symmetrical azoxy-compound. On this theory, isodiazotates are denoted by (V) without reference to geo- 
metrical configuration. 

The hydrolysis of azoxysulphones to n-diazotates and sulphonic acids appears to have a direct bearing on 
the above question, since a n-diazotate of Angeli’s atrecture would be formed if the reaction is regarded as being 
analogous to the hydrolysis of a sulphonamide ; * 

Ar-SO, ‘NR, + H,O —> Ar-SO,H + 
NO-Ar + H,O ——> + (Ar’*NO‘N)- + H* 


has been suggested that azoxysulphones may undergo hydrolysis in the acid solution to arylisonitroamine 
[Ar-N:N-O]H and a — acid, and that these may then interact to form a sulphonic acid and [Ar-N:N-O]H or 


* It 


‘[Ar-N:NJH. The investigation of this suggestion is a matter of considerable experimental difficulty, but it should be 


noted that the existing evidence is against it. First, Bamberger (Ber., 1894, 27, 1554; 19097 49, 1682) showed that 
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It is not claimed, however, that this constitutes in any sense a proof of Angeli’s theory. On the contrary, 

_it is recognised that the hydrolysis of azoxysulphones is a further example of an apparently general reaction. 
Thus, Angeli (Gazzetta, 1917, 47, I, 215) and Pieroni (ibid., 1922, 52, II, 32) showed that benzeneazoxycarboxy- 
amide (VII, X = NH,) is readily hydrolysed (probably via the unstable carboxylic acid) by dilute alkali to 


NO:N-SO,°C,H, 
Ph:N:N-COX 


(VII.) NO:N‘SO,-C,H, (VIL) 


give a n-diazotate, to which Angeli therefore ascribed formula (VI). The question is confused by the assertion 
of Pieroni and Giannini (ibid., 1924, 54, I, 162) that the closely-related benzeneazoxycarboxylic ester (VII, 
X = OEt) gave nitrobenzene and ammonia when hydrolysed by dilute alkali (though hydrolysis.in the presence 
of @-naphthol gave benzeneazo-$-naphthol). These products have never been observed in the decomposition 
of a n-diazotate, so that it is easy to suppose, as did Hantzsch and Strasser (Ber., 1931, 64, 655), that the inter- 
mediate (VI), though showing the coupling reaction, is not a m-diazotate. Angeli’s amides, however, like our 
azoxysulphones, do not give nitrobenzene and ammonia on hydrolysis; and a critical examination of Pieroni 
and Giannini’s paper (Joc. cit.) shows that their evidence is incomplete in many important respects. The azoxy- 
esters were obtained as yellow oils which were inadequately purified, characterised, and analysed, and the prior 
presence in them of the nitro-compounds supposed to be obtained on hydrolysis cannot with certainty be 
excluded; thus the formation of benzeneazoxycarboxylic ester by oxidation of the azo-compound did not 
proceed smoothly but led also to azoxybenzene and benzoic acid, and Angeli (Gazzetta, 1917, 47, I, 215) observed 
that nitrobenzene was a by-product of his oxidation of benzeneazocarboxyamide to the azoxy-compound. 

If it is accepted that the products of hydrolysis of all these azoxy-compounds are true »-diazotates, either 
‘these must be denoted by the Angeli formula (VI), or a transfer of oxygen from one nitrogen atom to the other 
must be postulated, giving a n-diazotate of formula (V).’ There is neither analogy nor experimental support 
for this migration, but in any recognition of the Angeli theory recourse must be made to such a transfer in the 
explanation of, e.g., the facile oxidation of n-diazotates to arylnitroamines. On either Hantzsch’s or Angeli’s 
theory, therefore, acceptance of oxygen transfer is essential, and since one of the chief drawbacks to the latter 
hypothesis has always been this very migration, it seems that Angeli’s theory merits more serious consideration 
than it has yet received outside his own circle. It must be admitted, however, that the hydrolysis of azoxy- 
sulphones raises, rather than solves, problems, and no pronouncement can yet be made on the structure of the 
n-diazotates. 

EXPERIMENTAL. 

Diphenyl Azoxysulphone (III, Ar = Ar’ = Ph).—Nitrosobenzene (0-8 g.) and chloramine-B (2-1 g.) were mixed in 
pyridine (14 c.c.) = left at room temperature overnight ; the reaction was completed by heating on the water-bath 
(80°) for 2 hours. e liquid was then diluted with water (100 c.c.), and the pale brown crystals (1-6 g.; 82%) collected. 
After two recrystallisations from 95% alcohol, in which it is rather sparingly soluble, diphenyl ee Ig I formed very 

ale yellow needles, m. p. 123°, readily soluble in acetone and benzene (Found: C, 54-5; H, 4-0; N, 10-8; M, modified 

t using s.-tribromophenol, 272. C,,H,O,N,S requires C, 54-9; H, 3-9; N, 10-7%; M, 262). 

Phenyl p-Tolyl Azoxysulphone (III; Ar = Ph, Ar’ = p-MeC,H,).—A mixture of nitrosobenzene (1 g.) and chloramine-r 
(3 g.) in pyridine (10 c.c.) was kept overnight and then heated for 2 hours at 80°. On dilution with water (30 c.c.), an 
oil separated, which rapidly crystallised. After refrigeration, nearly pure azoxysulphone (2-3 g.; 92%) was collected, 
m. p. 109—111°. Recrystallisation from 95% alcohol gave very pale yellow needles, m. p. 112—1]3°, very soluble in 
cold benzene, chloroform, and acetone, moderately in ether and hot alcohol, insoluble in water and light petroleum 
Found : ex . _ 4-9; N, 10-3; S, 11-8; M, modified Rast, 254. C,,H,,0,N,S requires C, 56-5; H, 4-4; N, 10-2; 

, 116%; M, 

The kellowing substances were made by similar methods, all crystallisations being from 95% alcohol :— 

. 9 
Azoxysulphone. Description. M. p. %. Found. Reqd. Found. Reqd. 
0-Tolyl p-Tolyl ...++++++++.. Pale yellow prisms 82° 56 9-8 9-7 277 290. 
Di-p-tolyl Pale yellow plates - 106 65 9-8 9-7 300 290 
m-Nitrophenyl p-Tolyl ‘ Very pale yellow needles 122-5—124 87 13-2 13+1 — —_— 
p-Phenetyl p-Tolyl ............ Bright yellow needles 128—128:5-- 8-8 88 


p-Dimethylaminophenyl p-Tolyl Azoxysulphone (III; Ar = p-NMe,°C,H,, Ar’ = p-C,H,Me).—A mixture of p-nitroso- 
dimethylaniline (4-8 g.) and chloramine-t (9-0 g.) was left at room temperature in pyridine (60 c.c.) for 24 hours. It was 
diluted to ca. 350 c.c. with water, and the clear deep-red solution refrigerated overnight, giving a crop of large, dark red 
needles (8 g., 80%). Subsequent dilution gave a further small, tarry crop. The azoxysulphone, recrystallised twice 
from benzene and once from absolute alcohol, formed reddish-purple prisms, m. p. 182° (decomp.) (Found: C, 56-4; 
H, 5-4; N, 13:1; S, 10-4. C,,H,,0O,N,S requires C, 56-4; H, 5-3; N, 13-1; S, 10-1%). This azoxysulphone can be 
recrystallised from benzene or glacial acetic acid; it is moderately soluble in cold acetone and hot alcohol, but insoluble 
in light petroleum. It isa very weak base; boiling 2n-sulphuric acid dissolves it slightly, giving a pink solution, but warm 
concentrated hydrochloric acid dissolves it easily to a colourless solution, from which the free base is precipitated in 
crystalline form on dilution. ; 


phenylisonitroamine is instantaneously decomposed by mineral acid; in the present instance, therefore, an important 
competition factor in rates of reaction would come into play. Secondly, Bamberger (Ber., 1898, 31, 582) showed that 
alkaline reduction of phony tonererine yields an isodiazotate, whereas it is shown in this communication that dilute 
alkaline hydrolysis of azoxysulphones gives a normal diazotate. In the absence of other evidence, therefore, it would 
seem to be correct to regard the hydrolysis of azoxysulphones as resulting in the formation of n-diazotates and sulphonic 
acids. 
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The following substances. were made by emailer methods, crystallisations being carried out in absolute alcohol : 


Yield Ny %- S, 
Azoxysulphone. Description. M. p. %. ‘Found. Reqd. ‘Found. Reqd. 
p-Dimeth 1 Phenyl...... Bronze needles 175—176° 15* 13-4 13-7 10-7 10-5 
p-Diethylaminophenyl p-Toly/ ...... Bright red needles 178—179 51. 119 896121 9-6 9-2 


* Early experiment, not repeated. 


m-Phenylene Bis-(p-tolyl Azoxysulphone) (VIII).—m-Dinitrosobenzene (0-2 g.) and chloramine-T (0-85 g.) were heated 
in pyridine (3 c.c.) at 80° for 4 hours. ter dilution with water, the yellow solid was collected and washed with hot 
alcohol. The bis-azoxysulphone separated from glacial acetic acid (50% yield) in curious, lens-shaped, pale yellow crystals, 
m. p. 208° (decomp.) after darkening above 200°. It is rather sparingly soluble in low-boiling organic solvents (Found : 
N, 11-5. requires N, 11-4%). 

Reduction of Phenyl p-Lolyl Azoxysulphone.—The azoxysulphone (1 g.) was dissolved in boiling alcohol (10 c.c.) 
containing glacial acetic acid (lc.c.). Zinc dust was cautiously added, and when the initial violent reaction had subsided 
the colourless solution was filtered. The filtrate, on dilution with very dilute hydrochloric acid, gave nearly pure 
p-toluenesulphonylphenylhydrazide (0-61 g., 64%), m. p. 154°. (decomp.). A mixture with an authentic specimen 
(m. p. 156°, decomp.) melted at 153—156° (decomp.). 

Hydrolyses of Phenyl p-Tolyl Azoxysulphone.—(i) The azoxysulphone (0-5 g.) was distilled with 50% sulphuric acid 
(60 c.c.), soon forming a pale bluish-purple solution.- Phenol could be detected in the distillate by its odour, and was 
converted into 2 : 4 : 6-tribromophenol (51% yield), m. p. 90—92°, mixed m. p. 91—93°. 

(ii) The azoxysulphone (0-4 g.) was added in portions to concentrated sulphuric acid (2 c.c.) cooled in an ice-bath, 
the temperature being kept below 10°. Five minutes after all the crystals had dissolved, the liquid was poured into ice- 
water (40 c.c.). The clear solution, when poured into excess of an alkaline solution of f-naphthol, gave quantitatively 
(0-355 pure benzeneazo-f-naphthol, identified by mixed m. p. 

(iii) The azoxysulphone (0-5 g.) and B-naphthol (0-25 g.) were dissolved in boiling 25% alcohol (5 c.c.) containing a 
few drops of 30% sodium hydroxide. blood-red colour developed; after boiling for 2 mins. the liquid was diluted 
with water, and the crude azo-compound collected. One recrystallisation from alcohol gave pure benzene azo-f-naphthol, 
m. p. 130° (0-30 g., or 67%), identified by mixed m. p. ‘ 

(iv) The azoxysulphone (0-56 g.) was refluxed with 30% sodium hydroxide (15 c.c.) for 30 mins. ; frothing then became 
uncontrollable, and the mixture was cooled, diluted, and filtered. The residue consisted of a red solid (0-26 g.), which 
was recrystallised from a little alcohol, giving unchanged azoxysulphone (0-16 g., 29%). The red compound present in 
the alcoholic mothet-liquors could not be isolated. The filtrate coupled very slowly with £-naphthol in the cold (pink 
colour on standing overnight), but when it was acidified, and again made alkaline, coupling was immediate. The iso- 
diazotate was estimated by acidifying and coupling with an alkaline solution of 2-hydroxy-3-naphthoic anilide; the yield 
of azo-dye was 0-44 g. (59%), 

Hydrolysis of Diphenyl Azoxysulphone.—The azoxysulphone (0-3 g.) was dissolved in concentrated sulphuric acid 
(3 c.c.) at 0°, and after 30 minutes the solution was poured into ice-water, boiled to decompose the diazonium salt, and 
neutralised with calcium carbonate. The calcium sulphate was collected and washed with water, and the combined 
filtrate and washings were made faintly acid with hydrochloric acid and freed from sulphate ions with barium chloride. 
The filtered solution was concentrated to about 10 c.c., mixed with an equal volume of a saturated solution of £-naphthyl- 
amine hydrochloride, and cooled to 0°. £-Naphthylamine benzenesulphonate (0-22 g., 64%) (Keyworth, J. Soc. Chem. 
Ind., 1924, 43, 3411) separated in colourless plates, m. p. 244° (corr.), of which the identity was confirmed by mixed m. p. 
with an authentic sample. 


Our thanks are due to Mr. J. . Still for carrying out the micro-analyses, and to the Department of Scientific and 
Industrial Research for a maintenance grant to one of us (W. V. F.). ‘ 
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99. The Reaction between Amines and Unsaturated Compounds containing Halogen 
attached to one of the Ethylenic Carbon Atoms. Part III. The Influence of 
a gem-Dimethyl Group. | 
By Harry C. Murritt and Joun C. RoBERTs. 
Reactions similar to those reported in Part II (J., 1938, 963) have been investigated. The presence of a 


gem-dimethyl group on the f-carbon atom leads to simple replacement of the halogen by the amine as the 
main reaction; apparently some simultaneous addition of the amine to the double bond also occurs. 


It has previously been shown by one of us (Parts I and II, J., 1936, 1169; 1938, 963) that compounds of the 
type CHR:CX-CO,Et (X = halogen; R = Me or Ph) react readily with strongly basic secondary amines to 
yield «6-diamines. It is now shown that ethyl «a-bromoacrylate (X = Br; R = H) reacts similarly. However, 
ethyl a-bromo-$£-dimethylacrylate reacted with piperidine to yield mainly ethyl «-piperidino-86-dimethyl- 
acrylate, isolated and identified as the platinichloride; the pure free base was not obtained. The rate of 
production of ionisable bromine was comparatively slow. Dimethylamine reacted similarly, ethyl «-dimethyl- 
amino-86-dimethylacrylate being isolated as its hydrochloride. In both instances analysis of the basic initial 
product indicated contamination with some other substance of higher nitrogen content which we believe 
to be the eorresponding diamine. Attempts to separate the free bases by fractional distillation in a vacuum 
were unsuccessful. 

_ The presence of the gem-dimethyl group gn the $-carbon atom thus diminishes the reactivity of the ester 
towards the addition of the amine across the double bond. This is undoubtedly due to the marked electron- 
release capacity of the gem-dimethyl group which will render the double bond less liable to attack by the 
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nucleophilic reagent. It is significant that 66-dimethylacrylic acid shows an enhanced reactivity (compared 
with other af-unsaturated acids) towards the addition of bromine—an electrophilic reagent (Sudborough 
and Thomas, J., 1910, 97, 2450; Anantakrishnan and Venkataraman, Chem. Reviews, 1943, 38, 44). 


EXPERIMENTAL. 


Ethyl a-Bromoacrylate.—The pure ester has apparently never been prepared. Ofthree different methods of preparation 
investigated, Michael’s modification (Amer. Chem. J., 1887, 9, 121) of Wagner and Tollens’s method (Amnalen, 1874, 
171, 350) yielded the purest product. From silver a-bromoacrylate (5 g.) and ethyl bromide (8 c.c.) were obtained 1-25 g. 
of crude ester, which was dried (sodium sulphate) and distilled in a vacuum, Pregl’s micro-apparatus being used. Ethyl 
a-bromoacrylate (0-75 g.) was obtained as a colourless oil, b. p. 63-5—65°/15 mm. (Found: Br, 45-8. Calc. for 
C,;H,O0,Br: Br, 44-7%). Only small quantities were prepared at one time, since on storage for a few days, even in a sealed 
container and in the dark, the ester turned into a glass. 

Reaction between Ethyl a-Bromoacrylate and Dimethylamine.—(i) 0-136 G. of the ester was treated with 0-31 g. of a 
33% solution of dimethylamine (3 mols.) in absolute alcohoh Heat was evolved and colourless crystals separated. 
After } hour, water and an excess of dilute nitric acid were added; titration with 0-1N-silver nitrate indicated that 
99-6% of the bromine had been removed from the ester. . 

(ii) 1-38 G. of dimethylamine (3 mols.) solution were added slowly to 0-61 g. of the ester; the mixture was cooled 
in ice when necessary and then kept for l hour. The basic product (about 0-2 c.c.), isolated in the usual way (similar 
to that for the isolation of ethyl af-dipiperidinobutyrate, Part II), yielded a picrate (from alcohol) identical (crystalline 
form, m. p. and mixed m. p.) with that of ethyl af-bis(dimethylamino)propionate. The free base was more conveniently 
prepared on a larger scale from ethyl af-dibromopropionate (see below). 

Reaction between Ethyl a-Bromoacrylate and Piperidine.—0-172 G. of the ester was treated with 0-89 c.c. of a solution 
of piperidine (0-245 g., 3 mols.) in absolute alcohol. Much heat was evolved and a little white colloidal matter separated. 
After 4 hour 79-3% of the bromine had been removed from the ester. 

Ethyl aB-Bis(dimethylamino)propionate-—40 G. of af-dibromopropionic acid, esterified with alcoholic hydrogen 
chloride, yielded the ethyl ester (32-5 g.), b. p. 215—-218°/757 mm. (Miinder and Tollens, Annalen, 1873, 167, 230, give 
b. p. 211—214°/746 mm.). This ester, on treatment with dimethylamine (4 mols.) solution, yielded 96-2% of the bromine 
in an ionisable state after } hour. Dimethylamine (4 mols.) solution was added gradually and with cooling to 15-2 g. of 
ethyl af-dibromopropionate. After ? hour, the basic product (2-2 g., yield 20%) was isolated in the usual manner, 
but with a reduction in the volume of water since the product is water-soluble. Ethyl aB-bis(dimethylamino) propionate 
was obtained as a colourless oil of unpleasant basic odour, b. p. 95—96°/14 mm., very easily soluble in water (Found : C, 
57-1; H, 10-8; N, 14-7. C,H, ,O,N, requires C, 57-4; H, 10-6; N, 14-9%). The picrate separated from alcohol in yellow 
prisms, m. p. 122—123° (decomp.) (Found: N, 17-2. C,H.» O,N,,2C,H,O,N, requires N, 17-3%). The platinichloride 
crystallised in small orange-coloured cubes which started to decompose at 186° and melted (decomp.) at 190° (Found: 
Pt, 32-3. C,H,.0,N,,H,PtCl, requires Pt, 32-6%). 

Ethyl aB-Dipiperidinopropionate.—13-7 G. of piperidine (4 mols.), dissolved in absolute alcohol (30 c.c.), were added 
dropwise and with shaking to ethyl af-dibromopropionate (10-5 g.) immersed in crushed ice. During the addition the 
mixture was kept as near 0° as possible and was afterwards left overnight at room temperature. Addition of water 
, (200 c.c.) and sodium chloride (50 g.)—the latter to increase the density of the aqueous phase—caused a pale yellow oil to 
float on the surface. The oil was removed and treated with crushed ice and an excess of dilute hydrochloric acid to 
dissolve the basic ester. The solution was then purified, and the product (3-84 g., 36%) isolated in the usual way. 
Ethyl aB-dipiperidinopropionate was obtained as a colourless viscous oil of basic unpleasant odour, b. p. 175—176-5°/13 mm., 
insoluble in water (Found : C, 67-2; H, 10-1; N, 10-7. C,;H,,0,N, requires C, 67-2; H, 10-5, N, 10-56%). A crystalline 
picrate could not be obtained. 

Ethyl a-Bromo-BB-dimethylacrylate.—Of two different methods of preparation which.were investigated, the following 
proved the more satisfactory : 


EtOH Br, EtONa 3 
CMe,:CH-CO,H ——> CMe,:CH-CO,Et ——-> CMe,BrCHBr-CO,Et CMe,:CBr‘CO,Et 


N 

90 G. of bromine (1-06 mols.), dissolved in carbon tetrachloride (50 c.c.), were slowly added in the cold to 68 g. of ethyl 
£B-dimethylacrylate in carbon tetrachloride (250 c.c.); the reaction mixture was protected from light. After standing 
for a few days, the excess of bromine and the carbon tetrachloride were distilled ftom a water-bath, and the residue dis- 
tilled in a vacuum, yielding ethyl af-dibromoisovalerate (133 g.), b. p. 112—114°/18 mm. (Prentice, Annalen, 1896, 292, 
273, gives b. p. 127—128°/30 mm.). The dibromo-ester (133 g.) was treated with a solution of sodium ethoxide prepared 
from sodium (10-6 g., 1 atom) and absolute alcohol (283 c.c.). The sodium bromide was removed by filtration, and the 
alcohol distilled off ; the residue was dissolved in ether, washed with water, dried (calcium chloride), the solvent evaporated, 
and the residue distilled in a vacuum, yielding 76-5 g. of ethyl a-bromo-BB-dimethylacrylate, b. p. 88—89°/13 mm. (Found : 
C, 40-1; H, 5-7; Br, 38-3. C,H,,O,Br requires C, 40-6; H, 5-4; Br, 38-6%). 

Reaction between Ethyl a-Bromo-BB-dimethylacrylate and Piperidine.—Small-scale experiments, carried out as before, 
with 1 mol. of ester and 3 mols. of piperidine in absolute ‘alcohol yielded the following results : 


Time of reaction, hours . " ‘ : 7 2 3 4 48 
Bromine replaced, % . 17 23 30 82 


20 G. of ethyl a-bromo-ff-dimethylacrylate were treated with 28-1 c.c. of piperidine (3 mols.) dissolved in 32-3 c.c. of 
alcohol (95%), and the mixture kept at room temperature for 3 days. . Isolation of the basic product by the usual method 
gave a pale yellow oil (12-5 g.), b. p. 130—134°/20 mm. Refractionation yielded a colourless oil, b. p. 121—123°/17 mm. 
(Found: N, 7-1. Calc. for the monopiperidino-ester : N, 6-6. Calc. for the dipiperidino-ester : N, 9-5%). On treat- 
ment of ethyl a-bromo-£8-dimethylacrylate with alcoholic piperidine (2 mols.) a product was obtained of b. p. 122—124°/ 
18mm. (Found: N, 7-0%). This did not afford a crystalline picrate, but with platinichloric acid, it gave orange-coloured 
crystals with yellow wart-like incrustations; two recrystallisations from small quantities of alcohol (80%) yielded the 
pure platinichloride of ethyl a-piperidino-88-dimethylacrylate as orange-coloured, square platelets, which sintered at 
179° and melted at 183° (decomp.) (Found: C, 34-6; H, 5-4; N, 3-2; Pt, 23-5. 2C,,H,,O,N,H,PtCl, requires C, 34-6; 
H, 5:3; N, 3-4; Pt, 23-4%). 


Reaction between Ethyl a-Bromo-BB-dimethylacrylate and Dimethylamine.—Speed of reaction : 
Time of reaction, hours . ° ™ Paes 14 34 18 24 68 
Bromine replaced, % . 16 21, 30 60 72 93 


12-6 G. of vee a-bromo-88-dimethylacrylate were treated with 31-5 g. of 26% dimethylamine (3 mols.) solution in 
alcohol and left at room temperature for 3 days. The usual method of isolation yielded an oil (3-2 g.), b. p. 76—78°/ 
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18 mm. [Found :. N, 8-8. Calc., for the dimethylamino-ester: N, 8-2. Calc., for the bis(dimethylamino)-ester: N, 
130%]. No platinichloride or picrate could be obtained, but when 2-3 g. of the crude base were dissolved in absolute 
alcohol (2 c.c.) and mixed with 4 c.c. of a 10-1% (w/v) solution of hydrogen chloride (1 equiv.) in absolute alcohol, and the 
mixture was diluted with dry ether (150 c.c.), the viscous oily hydrochloride of ethyl a-dimethylamino-88-dimethyl- 
acrylate separated. This was washed with a little dry ether and dried in a vacuum over phosphoric oxide, and after some 
weeks a very deliquescent white powder was formed (Found: Cl, 14:7: C,H,,;O,N,HCI requires Cl, 14-4%). 


We wish to record our thanks to Mr. J. E. Still for a number of micro-analyses, and to the Chemical Society for a 
grant. 


UNIVERSITY COLLEGE, NOTTINGHAM. (Received, May 9th, 1944.] 


100. The Metal-catalysed Reaction between Acetylene and Hydrogen. 
Part I. Nickel Catalysts. 


By J. SHERIDAN. 


The rate of fall in total pressure in hydrogen—acetylene mixtures over carpe? sag pe catalysts increases, 
under constant conditions, during the early stages of use of the catalysts. The yields of ethylene, ethane, and 
higher hydrocarbons, expressed in terms of the acetylene not recovered, are the same on fresh and old catalysts. 
The course of reaction in 1:1 and 2:1 hydrogen: acetylene mixtures on catalysts of constant activity is 
plotted. Ethylene is produced at about 5 times the rate of ethane formation until most of the acetylene is 
removed. The products other than C, hydrocarbons have an empirical gross composition of about C,H,, and 
are formed in yields of 55—60% of the acetylene not recovered at all stages of reaction, with both gas ratios. 
The initial reaction on catalysts of constant activity is of first order with respect to hydrogen and of approximately 
zero order with respect to acetylene. The hydrogenation to ethylene and the formation of reduced polymers of 
acetylene both have kinetics of approximately this type, but differing slightly such that an increase from 1 : 8 to 
8: 1 in initial hydrogen : acetylene ratio causes an increase from about 40% to 67% in the yield of C, hydro- 
carbons, expressed in terms of the acetylene not recovered. Ethylene added to the system acts principally as an 
inert diluent, and is apparently less strongly adsorbed than acetylene on nickel. The same catalysts have 
negligible action on acetylene alone under conditions of rapid reaction in acetylene-hydrogen mixtures. The 
results are discussed with special reference to previous work on the chemisorption of ethylene and acetylene. 


It has long been known that the reduction of acetylene by hydrogen in the presence of metal catalysts is not 
normally a quantitative hydrogenation to ethylene and ethane, but is accompanied by the formation of reduced 
polymers of acetylene under almost all conditions. It is remarkable that the latter process usually takes place 
at temperatures well below those at which the metals have any appreciable effect on acetylene alone. Pre- 
vious work has been principally of a qualitative nature, and a systematic study of the kinetics of the reaction 
on various catalysts appeared desirable, with special attention to the analysis of the products. Such a study 
has accordingly been made with a number of metals under varied conditions of temperature arid partial pressures. 
of reactants. In the present communication an account is given of the kinetics of the reaction in the presence 
of nickel. : 

Sabatier and Senderens (Compt. rend., 1899, 128, 1173) found that acetylene and hydrogen reacted over 
nickel to give ethylene, ethane, and higher hydrocarbons. Later workers have reported widely varying yields 
of these products (Ross, Culbertson, and Parsons, Ind. Eng. Chem., 1921, 18, 775; Yoshikawa, Bull. Chem. Soc. 
Japan, 1932, 7, 201; Pichler, Ges. Abh. Kennt. Kohle, 1934, 11, 395; Ackermann, Brennstoff-Chem., 1937, 
18, 357; Fischer and Peters, ibid., 1931, 12, 286; Petrov and Antsus, J]. Appl. Chem. U.S.S.R., 1933, 6, 1145; 
Dupont, Bull. Soc. chim., 1936, 8, 4030; Dupont and Lombard, ibid., 1941, 8, 851; see also U.S.P. 1,392,852, 
1921; B.P. 336,999, 1929). The differences among the results of these investigators are to be traced partly 
to differences in the conditions of reaction and partly to difficulties in controlling the flow methods almost 
always employed. There has been no previous investigation of the kinetics of the reaction, and very little 
systematic study of influences of conditions on the products. The reduced polymers of acetylene formed are 
principally aliphatic, and cover a wide range of molecular weights from the C, series upwards, but the literature 
provides little detailed knowledge of their structure (Sabatier and Senderens, Ann. Chim. Phys., 1905, 4, 445; 
Compt. rend., 1902, 184, 1185; Charitschkow, J. Russ. Phys. Chem. Soc., 1906, 38, 880; Oda, J. Chem. Ind. 
Japan, 1921, 24, 1161; Binnie, Chem. and Ind., 1931, 50, 297; Petrov and Antsus, loc. cit.; Compt. rend. Acad. 
Sci. U.R.S.S., 1934, 4, 300; Refiner Natural Gasoline Manfr., 1934, 18, 79; Russian per oF 49,724, 1936; 
J. Physical Chem. U.S.S.R., 1940, 14, 1308; Bull. Acad. Sci. U.R.S.S., Classe sci. chim., 1940, 274). 

The present research aimed at more detailed and systematic investigation, especially of the kinetics of the 
reaction, for which purpose use has been made of the greater control afforded by a static reaction system. 
The complexity of the reaction has demanded frequent full analysis of the gaseous products. An investigation 
of some of the reduced polymers of acetylene formed has also been carried out, and will be reported later. 


EXPERIMENTAL, 


Acetylene.—Cylinder gas was passed in succession through the following solutions: chromic acid, 10% merguric 
chloride in dilute hydrochloric acid, sodium hydrosulphite, sodium bisulphite (two wash bottles), 20% sodium hydroxide. 
It was dried by passage through a U-tube containing anhydrous calcium chloride. Periodic analyses by the methods 
déscribed below showed a minimum acetylene content of 99-5%, with about 0-2% of other unsaturated Lpeicaibons. 
Small amounts of hydrogen and nitrogen were probably peg No attempt was made to remove the very last traces 
of oxygen; if it was present, its amount was Jess than 0-1%. ; 
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Hydrogen.—Electrolytic cylinder gas was used. The minimum hy content was 995%, with about 0-1% 
each of carbon monoxide and dioxide. No oxygen was detected by pyrogallol absorption. 

Ethylene.—Cylinder gas, about 99% pure and containing traces of air, was used without further treatment. 

Catalysts.—Pumice granules, 2—5 mm. in diameter, were used as carrier substance. They were cleaned by boilin 
with concentrated hydrochloric acid, and had no measurable action on acetylene alone or mixed with hydrogen, at 358°. 
The catalysts used in the present experiments, designated as Ni-1 and Ni-2, had nickel : pumice ratios of 1: 10 and 1: 5 
by weight respectively. They were prepared by evaporation of solutions of nickel nitrate containing pumice, ignition 
in an — dish till decomposition was nearly complete, followed by reduction in hydrogen containing ethanol vabier at 
400—425° for 2 hours. ’ 

Apparatus.—Experiments were performed in a static system at constant volume. The Pyrex reaction bulb (300 c.c.) 
with capillary leads (capacity about 2 c.c.) formed part of an all-glass system, consisting in addition of gas-storage vessels, 
a McLeod gauge, and a mercury-vapour pump and oil pump in series. The bulb was surrounded by steel turnings and 
metal screens inside a heavily lagged furnace. Temperature (20—170°) was controlled by a sealed mercury-in-glass 
thermometer regulator. Even in experiments lasting several hours temperatures did not vary by more than 0-5° from 
the stated value. Gases were admitted in succession to the bulb, pressure being measured on a mefcury capillary mano- 
meter. In most experiments hydrogen was admitted first. Gas was withdrawn from the bulb at selected times into a 
mercury-filled gas burette. Error due to a dead space in the capillary leads was reduced by withdrawing and rejecting 
about 2 c.c. of gas some 30 secs. before the collection. . 

The weight of catalyst placed in the bulb was 2 g.; it was normally heated to 300—350° in 400—500 mm. of hydrogen 
for wer hours before experiments were performed over it, and was not allowed to come into contact with air during the 

riod of its use. 

Analysis of Gaseous Products—A Bone and Wheeler apparatus was used. An alkaline solution of mercuric cyanide 
(Treadwell and Tauber, Helv. Chim. Acta, 1919, 2, 601) proved a satisfactory absorbent for acetylene. Two minutes’ 
shaking with 10 c.c. of this solution sufficed to absorb the acetylene in samples (up to 40 c.c.) containing over 99% of 
this gas. Ethylene absorption in this reagent was negligible, despite high ethylene contents in many cases. The separate 
estimation of ethylene and higher unsaturated hydrocarbons was more difficult. Tests showed that all the higher 
unsaturated hydrocarbons could be absorbed in 10 c.c. of 85% sulphuric acid in 5—10 minutes, but it is probable that 
traces of ethylene were also taken up, especially when much of this gas was present. In practice, a 7-minute exposure 
to 85% acid was used (after the acetylene absorption), followed by absorption of the ethylene. The error in ethylene 
and higher unsaturated contents was probably not more than 1% of the total gas. Other gases were estimated by standard 
methods. 

Results.—The analytical: figures were usually converted into partial pressures (expressed to the nearest mm.) for 
comparison with the initial pressures. There were no indications that the adsorption of gases by the catalysts caused 
appreciable errors in the pressure data. An error of +2 mm. seems a reasonable one in most cases, though the un- 
certainty may be greater in the case of fast reactions. The 1—2% of the final pressures not accounted for in the listed 
products must be due in part to traces of nitrogen picked up during the gas analysis. No correction has been 
applied for the possible condensation of less volatile products during the withdrawal of gas for analysis. Condensation 
was not apparent in the present experiments, and there is no indication that any important correction for it is necessary. 

The value of ” in C,H,,,, for the saturated hydrocarbons in the products, after removal of hydrogen, was always very 
close to 2-0. Since methane production is not likely to be appreciable, it is improbable that compounds higher than 
_ ethane were present in large amount. The stated ethane contents are the saturated hydrocarbon contents; the real 

ethane figures will be slightly less if traces of higher hydrocarbons or methane were present. 

Admission of hydrogen first to the evacuated bulb was followed by a fallin pressure of 5—15 mm. in about 10 minutes, 
except when the catalyst had not previously been used. This was probably due to hydrogenation of non-volatile 
unsaturated hydrocarbons on the catalyst, and had normally proceeded almost to completion before the pressure was 
read and taken as the initial pressure of hydrogen. 


DIscussION. 


(i) Shape of Pressure-Time Curves.—A nearly linear pressure-time curve was usually obtained for the 
first stages of reaction in hydrogen—acetylene mixtures, though in some examples the rate of fall in total pressure 
increased slightly in the early phase of reaction. This early acceleration was a little more marked at higher 
temperatures, but was not more pronounced in mixtures rich in hydrogen. In all cases the fall in pressure 
gradually became slower towards the end of the reaction, with no increase in rate at a late stage such as occurs 
in hydrogen—acetylene mixtures over platinum (Farkas and Farkas, J]. Amer. Chem. Soc., 1939, 61, 3396) and 
palladium (Cremer, Knorr, and Plieninger, Z. Elektrochem., 1941, 47, 737). 

(ii) Ageing of Catalysts.—The activity of the catalysts, as measured by the rate of fall in total pressure in 
similar hydrogen—acetylene mixtures at the same temperature, always increased markedly in the early stages 
of use of the catalysts. For example, with some 300 mm. each of acetylene and hydrogen at 95—96° on a new 
sample of Ni-2, the initial rates of fall in total pressure were about 5, 14, and 30 mm./min. in that sequence 
for the first three experiments. The rates at equal falls in pressure were in roughly the same ratio throughout 
the reactions. The increase in activity occurred even after very long pre-reduction of the nickel (40 hours at 
340—370° in 470 mm. of hydrogen). After several experiments in which the reaction ran most of its course, 
the increase in activity of the catalysts ceased, and their activity towards hydrogen—acetylene mixtures then 
remained fairly steady for considerable periods. The effects of variations in conditions on the reaction were 
studied, unless otKerwise stated, on catalysts in this state of steady activity. es 

Since the slight acceleration in the early stages of some experiments persisted after the activity of the 
catalyst had ceased to increase, the acceleration appears to have a cause other than that leading to the general 
increase in activity, which is presumably due to some modification of the catalyst surface. 

(iii) Yields of Various Products.—Table I summarises data for some experiments on new catalysts and on 
the same catalysts in a used state. Each group of experiments refers to a separate specimen of catalyst, the 
runs in each group being numbered in the sequence of their performance. Unsaturated hydrocarbons higher 
than the C, series accounted for 6—14 mm. of the final pressures. With 209—400 mm. of hydrogen and 199— 
317 mm. of acetylene at 83—146° the yields, expressed as percentages of the acetylene not recovered, were : 
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ethylene, 30—39% ; ethane, 4—9% ; other products, 52—66%. These yields refer to stages of reaction up to 
the point when the acetylene pressure had fallen to 5 mm. The products other than ethylene and ethane 
accounted for the removal of rather more acetylene than hydrogen, having an empirical overall composition 
in the region of C,H,. Little change in the yields of ethylene, ethane, and other products, or in the composition 
of the last, accompanied the increase in activity of the catalysts during the first few experiments over them, 
and this increase is therefore not specifically in favour of a particular type of reaction in the system. In this 
table Ap refers to the fall in préssure (in mm.), and ¢ to the duration of the experiment (in mins.). 


TABLE I. 
Initial Press., mm., in gaseous Yield 
No. of expt. in pressure (mm.). product. (%)- 
Catalyst. specimen. H,. C,H, Temp. Ap t C,H, C,H, H, C,H, C,H, C,H, 
1 221 274 101°. 295 51 56 69 47 12 32 6 
2 209 208 146 296 ll 5 66 17 18 33 9 
Ni-l 4 “224 273 101 297 20 59 76 36 14 35 7 
5 217 275 104 292 17 60 75 36 12 35 6 
6 221 272 101 293 19 61 72 37 13 34 6 
1 301 306 95 412 75 5 105 52 17 35 6 
2 300 317 96 348 23 64 96 82 13 38 5 
Ni-2 5 295 307 . +96 344 ll 66 73 87 10 30 4 
ll 307 304 79 342 40 61 86 86 13 36 5 
19 303 298 88 338 30 59 82 88 15 34 6 
Ni-l { 1 400 199 83 200 21 56 56 252 13 39 9 
17 400 200 83 200 9 . 62 51 257 ll 37 8 
TABLE II 
Product, volume %. 
No. of C,H, _ A 
Catalyst. expt. Temp. (mm.). Ap t. C,H, H,. C,H,. 
1 207° 478 71 27 84-0 1-4 12-4 0:3 _ 
2 244 484 107 21 90-1 0-7 5-4 1:3 —_ 
Ni-1 3 280 483 124 26 87-0 1-0 4-2 4:7 2 
4 283 492 131 26 86-3 0-8 4-5 5-1 2 
5 255 486° .85 31 90-4 0:8 3-8 2-1 1 


(iv) Comparison of the Acetylene~Hydrogen Reaction with the Reaction in Acetylene alone over the Same 
Catalysts.—In the experiments represented i in Table I large amounts of acetylene and hydrogen were converted 
into products less volatile than’C, hydrocarbons. Under the same conditions of temperature and acetylene 
pressure over the same specimens of catalyst acetylene alone underwent only very slow change. For instance, 
with 217 mm. of acetylene at 160° over a specimen of Ni-1 the fall in pressure was 6 mm. in 20 minutes, whereas 
in the preceding experiment (208 mm. of acetylene, 209 mm. of hydrogen) 119 mm. of acetylene were removed 
as products less volatile than C, hydrocarbons in 11 minutes at 146°. Subsequent experiments showed that no 
deactivation of the catalyst had occurred when the experiment with acetylene alone was performed. Acetylene 
alone did not react at readily measurable rates over these catalysts until the temperature exceeded about 
200°. Table II gives some data obtained under these conditions; the initial pressure of acetylene is given, 
and C,,H, represents higher unsaturated hydrocarbons. The activity of the catalyst appeared to be varying 


somewhat, but the products are consistent with the known catalysis of the decomposition of acetylene into carbon | 


and hydrogen by nickel, followed by reaction of hydrogen with acetylene (see, e.g., Egloff, ‘‘ Reactions of Pure 
Hydrocarbons,’”’ 1937, p. 429). Some of the atetylene must have been removed as products less volatile than 
C, hydrocarbons, but it cannot be said whether this removal is partly by direct polymerisation or only accom- 
panies hydrogenation after decomposition of acetylene has produced hydrogen in the system. 

(v) Course of Reaction in Hydrogen—Acetylene Mixtures at Constant Volume over Catalysts of Steady Activity.— 
This was determined by performing runs of different durations over the same specimen of catalyst, under constant 
conditions of temperature and partial pressures of gas. The pressure-time curves were reproducible within 
fairly narrow limits, but greater consistency of the results was obtained by plotting the data obtained from the 
gas analysis at time co-ordinates corresponding to the same, fall in total pressure in the longest experiment. 
These times differed from the actual duration of the experiments to an extent determined by the deviations 
of the total pressure curves from that of the longest experiment. Figs. 1 and 2 show the results for 1: 1 and 
2: 1 hydrogen : acetylene mixtures at 79° and 72° respectively. The sequence of performance was not related 
to the duration of the runs, as can be seen from Tables III and IV, which also show the yields of ethylene and 


Taste III. 
Yields at different stages : in rence | in 1: 1 H,: C,H, mixture (Catalyst Ni-2, runs 7—18 on the same specimen ; 
see Fig. 1). 
Expt. 10. wccccocescecseceeeeee 17 9 8 10 ll 12 7 15 14 16 13 18 
Duration (mins.) 10 18 30 4 50 60 74 104 120 180 
Yield of C,H,, & detect abides 36 37 34 -36 36 36 33 35 35 35 35 33 
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TABLE IV. 


Yields at different stages in sinction in 2:1 H,: C,H, mixture (Catalyst Ni-2; runs 8, 9, 11, and 12 on same 
specimen; see Fig. 2). 


Yield of CyHy, Yo 36 37 34 25 


ethane at each stage, expressed as percentages of the acetylene not recovered. The narrow range within which 
the total pressure curves were reproducible, and the smooth curves for partial pressures, etc., leave little Soubt 
_ that reactions represented by the longest total pressure curves follow the courses shown. 


Fic. 1. 
Course of reaction in 1:1 H,: C,H, mixture at 79° over catalyst Ni-2. 


\e © = Unsaturated hydrocarbons higher 
00 than C2in gas 


than C2 hydrocarbons 


o 20 40 60 80 100 120 iho eo 180 , 
Minutes 
Initial H, pressure = 299—307 mm. Initial C,H, pressure = 297—306 mm. 


The continuous total-pressure curve is that for the experiment of 180 minutes’ duration. The dotted lines show the 
extremes of deviation of the other total-pressure curves from the continuous line. 


In the early stages acetylene was removed a little more rapidly than hydrogen, and ciniioaaes formation 
was about five times as fast as ethane production. The total yield of ethylene and ethane was 40—45% of the 
unrecovered acetylene at all stages of reaction and for both gas ratios. The products other than ethylene and 
ethane had an empirical overall composition of about C,H, at all stages. The pressure of unsaturated hydro- 
carbons higher than the C, series rose in proportion to the amounts of acetylene and hydrogen removed as 
products other than C, hydrocarbons. Ethane production increased, notably in the case of the 2 : 1 gas ratio, 
when almost all the acetylene had been removed and some hydrogen remained. The ethylene pressure passed 
through a maximum on account of this effect. The rate of ethylene hydrogenation i in the 2 : 1 mixture when the 
acetylene had been removed was slow compared with the original acetyléne—hydrogen reaction. 

(vi) Kinetics of Reaction in Hydrogen—Acetylene Mixtures.—Fig. 3 shows the effect of variations in partial 
pressures of acetylene and hydrogen on the initial rate of fall in total pressure over a catalyst of constant 
activity. The pressure-time curves were almost linear initially, and (dp/dt), was taken as the mean rate for 
the first 15—40 mm. of fall. A fast initial fall of some 2 mm. at high acetylene pressures (admitted after 
hydrogen) was presumably due to adsorption of acetylene, and the initial rates recorded were the rates in the 
period of linear fall in pressure which followed. The experiments were performed in a sequence in no way 
related to the changes in partial pressures, and the rates were reproducible within reasonable limits. 

The initial rate was directly proportional to the hydrogen pressure. It appears to be independent, within 
the limits of error, of the acetylene pressure, though possibly it increased slightly as the acetylene pressure 
was lowered. 

By analysis after falls in pressure of 15—50 mm. figures were obtained for the mean rates of formation of 
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ethylene and of removal of hydrogen and acetylene in the early reaction. Ethane production was very slight. 
The linear course of fall in total pressure with time suggests that these mean rates may be taken as the initial 
rates of the processes concerned. The rate of ethylene production was always about a quarter of the initial 
rate of fall in total pressure. The rates of removal of acetylene and hydrogen were equal within the error of 
measurement, and were about two-thirds of the initial rate of fall in total pressure in all cases. The ratio of 
ethylene formation to acetylene (and hydrogen) removal was thus approximately 3 : 8, which is about the ratio 
made probable by the data in Figs. land 2. No change in-this ratio within the limits of conditions represented 
by Fig. 3 could be demonstrated. The relationships between the total and the partial initial rates in a given 


experiment were the same when the catalyst was still increasing in activity, which is in harmony with the fact 
that the yields are not dependent on the activity of the nickel. 


Fic. 2. 


Course of reaction in 2: 1 H, : CgH, mixture at 72° over 
catalyst Ni-2. 


T 


qT 


Fic. 3. 
Effect of partial pressures on initial rate. 
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pressure = 199—203 mm. 
ag ificance of various types of point as in Fig. 1. 


wo total-pressure curves shown are the extremes 
within which all the curves fall. 


Variable pressure, mm. Hg. 


Expis. 19—43 on one specimen of Ni-2. 
Temperature = 79°. 
Open circles = 200 + 5 mm. C,H,; H, 


pressure varied. 


Full circles = 200 + 5 mm. Hy; C,H, | 


pressure varied. 


If the initial rate of ethane formation is assumed to be zero, the initial reaction can be divided into (I) 
C,H, + H, —-> C,H, and (II) C,H, + H, —> products other than C, hydrocarbons. The resylts indicate 
that both these reactions have the same kinetics on catalysts of constant activity, being of first order with respect 
to hydrogen and approximately zero order with respect to acetylene. 

The initial rates became less repreducible at acetylene pressures below about 50 mm., whichever gas was 
admitted first, but there was no sign of any great increase in rate on lowering the acetylene pressure as far as 
9 mm. in the presence of 400 mm. of hydrogen at 63—83°. 

Additional evidence for the kinetics described above was found in the times necessary for a pressure-fall 
equal to the initial hydrogen pressure, in the presence of excess of acetylene. These may be regarded as times 
of approximately equal fractional change, if any influence of gas pressures on the nature of the reaction is 
ignored. Eight experiments at 83° with 400 + 5 mm. of acetylene and hydrogen pressures varying from 
26 to 288 mm. required 32—54 minutes for pressure falls equal to the initial hydrogen pressures. The times 


appeared rather longer at lower hydrogen pressures, but were essentially independent of the amount of hydrogen. 
This is in harmony with the suggested kinetics. 
The kinetic equation 


rate of fall in total pressure == k pressure] 


is in rough agreement with the form of the total pressure—time curves for the complete reaction up to the time 
when most of the acetylene is removed (Figs. 1 and 2), though it does not account for the increase in rate in the 
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early stages. of some experiments (e.g., Fig. 1) or the long period of constant rate of fall in pressure such as 
occurred in the experiments represented in Fig. 2. Deposition of non-volatile products on the catalyst may 
have some influence on the form of the pressure curves, especially in the later stages. 

(vii) The Effect of Gas Pressures on the Products from Hydrogen—Acetylene Mixtures.—Preliminary experi- 
ments showed that the total yield of C, hydrocarbons was increased to about 60% of the acetylene not recovered 
with initial hydrogen : acetylene ratios of about 10. ‘ Fig. 4 shows the results of a systematic study on a catalyst 
of constant activity at 83°, the yields of ethylene and ethane (as percentages of the acetylene not recovered) 
being plotted against the initial hydrogen : acetylene ratio. For ratios below unity, the acetylene pressure 
was 399—401 mm. and for those above unity the hydrogen pressure was 398—400 mm. The results for 
1: 1 mixtures refer to 100 mm. and 200 mm. of each gas. Analyses were performed after a pressure fall equal 
to the smaller of the initial pressures. The errors were larger at the extreme ratios, but all the results agree 
fairly well with a linear increase in yields of both ethylene and ethane with initial hydrogen : acetylene ratio. 
An increase in yield of C, hydrocarbons from about 40% to 67% was caused by a 64-fold (1 : 8 to 8: 1) increase 
in initial ratio. The final ratios varied from 0-05: 1 to 16-5: 1, a 330-fold increase. The effect of gas ratio 
on the C, hydrocarbon yield is therefore very slight. The rates of reaction varied by a factor of about 8, 
being mainly determined by the hydrogen pressure. The ratio of the ethane yield to the ethylene yield at the 
time of analysis rose with hydrogen : acetylene ratio, from about 1 : 7 at H, : C,H, = 1: 8to1:2-5at H,: C,H, = 
8:1, though by no means all the acetylene had been removed even at high initial H,: C,H, ratios (lowest 
acetylene pressure at analysis = 21 mm.). , 

Fic. 4: 
Effect of initial H, : C,H, ratio on yields. 


ene + evhane 


th 


. 


15 2 3 + 6 

Initial hydrogen: acetylene ratio 
Experiments 6, 8, 9, 11, 14—18, 21 on one specimen of Ni-1. 
Temperature 83°. 


The increase in yield of C, hydrocarbons on lowering the acetylene pressure at constant hydrogen pressure 
seems beyond doubt. The increase on raising the hydrogen caus at constant acetylene pressure is perhaps 
scarcely outside experimental error. 

These results confirm the view that the initial reactions (I) and (II) (see p. 377) have essentially the same 
kinetics. Reaction (I) is apparently of slightly lower order with respect to acetylene than (II), and possibly 
of slightly higher order with respect to hydrogen. 

The ratio of the amount of hydrogen removed as products other than C, hydrocarbons to that of acetylene so 
removed appeared to increase with the initial hydrogen : acetylene ratio, though the error in these figures 
became large at ratios considerably removed from unity. Less unsaturation in the higher hydrocarbons 
produced, as the H, : C,H, ratio is increased, is not unexpected. 

The influence of gas ratio on the yields is that anticipated from the few indications of such an effect in 
previous work (Sabatier and Senderens, Compt. vend., 1899, 128, 1173; Agkermann, Joc. cit.). The quantitative 
production of ethane from 2 : 1 hydrogen : acetylene mixtures over Raney nickel reported by Dupont (loc. cit.) 
appears to have been deduced from the fall in pressure, and no analysis of the gases is quoted. The 100% 
yield of ethane from,5 : 1 hydrogen : acetylene mixtures at 18 atm., reported by Petrov and Antsus (J. Appl. 
Chem. U.S.S.R., 1933, 6, 1145), is possibly a result of the high pressure, though on the whole unexpected. The 
claim (D.R.-P. 262,541) that increased yields of C, hydrocarbons can be obtained by adding one gas gradually 
to the other is only justified, in the case of nickel catalysts, for the addition of acetylene to hydrogen. 

(viii) Experiments with Added Ethylene.—Over a catalyst of steady activity, the addition of 53—380 mm. 
of ethylene to hydrogen—acetylene mixtures caused no detectable differences in rate of fall in total pressure from 
the rates obtained with the same pressures of hydrogen and acetylene alone. This result is not unexpected, 
since during the formation of ethylene in the acetylene—hydrogen system the rate of fall in total pressure is 
apparently still determined mainly by the hydrogen pressure alone. 

Catalysts which had been used for the hydrogen—acetylene reaction were much less active than new catalysts 
towards the hydrogenation of-ethylene, though the induction period due to traces of oxygen (Rideal, J.,' 1922, 
121, 309) was not observed when catalysts previously used in the acetylene-hydrogen reaction were used to 
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hydrogenate ethylene. A series of experiments showed that, on the used catalysts, ethylene—hydrogen and 
acetylene-hydrogen mixtures of similar composition gave pressure—time curves of roughly equal slope at the 
same temperature, though the reproducibility was not good. 

Table V shows the results of two experiments under the same conditions, except for the presence of added 
ethylene in one case. The significance of the headings is the same as for Tables I and II. The pressure-time 
curves were almost identicalin shape. After deduction of the extra ethylene from the product of the second run, 
the figures become nearly the same for the two experiments. The acetylene-hydrogen reaction took place 
independently of the presence of a large ethylene pressure, although, in the absence of acetylene, the rate of 
ethylene hydrogenation would have been similar to that of the acetylene—hydrogen reaction. 


TABLE V. 
Effect of added ethylene on the products at 83° on a catalyst (Ni-1) of steady activity. 
Initial 
No. of pressures (mm.). Products (mm.). Yield, %. 


21 198 200 _ 200 44 62 8 50 67 7 36 5 
22 200 199 201 200 45 64 9 244 67 8 32 6 


The results are evidence that acetylene is more strongly adsorbed on the catalyst than ethylene under similar 
conditions of pressure and temperature. Such an adsorption relationship is in harmony with the small pro- 
duction of ethane in the early stages of the hydrogen—acetylene reaction over nickel. Phenomena of this type 
have already been reported for platinum (Farkas and Farkas, Joc.-cit.) and palladium (Fischer and Knorr, Z. 
Elektrochem., 1937, 48, 608; Cremer, Knorr, and Plieninger, Joc. cit.). Ethane formation over nickel, however, 
does occur to some extent even in the presence of large acetylene pressures. 

(ix) General Discussion.—In the presence of hydrogen, hydrocarbons higher than the C, series form from 
acetylene over nickel at rates of the order of 100 times the rate of reaction in acetylene alone under the same 
conditions. The difference in speeds is so large that local overheating of the catalyst by hydrogenation reactions 
in the presence of hydrogen can scarcely*explain it. Moreover, the effect of nickel on acetylene alone is at least 
to a large extent a decomposition to carbon and hydrogen. There is no evidence that such decomposition is 
extensive in the hydrogen-acetylene reaction under the conditions of the present experiments; but the possi- 
bility of local overheating of the catalyst playing some part in the reaction should not be entirely overlooked— 
e.g., it is a possible cause of the early acceleration of reaction in some experiments. 

Another possible cause of this acceleration may be traces of oxygen in the gas. Addition of about 1—2 mm. 
of oxygen had little effect on the rate, though higher pressures of oxygen caused increasing retardation of re- 
action; but no induction period or accentuated acceleration effect was observed. The results of these experi- 
ments will be reported in detail later. 

The kinetic results show that strongly adsorbed acetylene and weakly adsorbed hydrogen (or hydrogen 
derived directly from the gas phase) are involved in the steps which determine the rates of both the reactions 
(I) and (II) (see p. 377). There is little evidence of a rise in rate due to an increase in metal surface available 
for hydrogen as the acetylene pressure is lowered in the range studied. A negative order with respect to acetyl- 
ene of this type has been reported for platinum (Farkas and Farkas, Joc. cit.) and palladium (Cremer, Knorr, 
and Plieninger, Joc. cit.). The results with nickel suggest a very strong adsorption of acetylene down to the 
lowest pressures investigated.” Detailed discussion of the mechanism of the nickel-catalysed reaction is 
postponed till further experimental evidence is available. 

The strong adsorption of ethylene on nickel (e.g., Twigg and Rideal, Proc. Roy. Soc., 1939, 171, A, 55, etc.) 
has frequently been interpreted as a chemisorption (e.g., Rideal, Proc. Camb. Phil. Soc., 1939, 85, 130; Chem. 
and Ind., 1943, 335, etc.), and the adsorption of acetylene on nickel is thus equally probably a chemisorption 
phenomenon. Distances in the metal lattice have already received discussion from previous workers with 
regard to the theory of associative adsorption of ethylene and acetylene (Twigg.and Rideal, Trans. Faraday 
Soc., 1940, 36, 533; Herington, ibid., 1941, 37, 361), and it is therefore reasonable to examine what light 
such spatial considerations may throw on the relative strengths of adsorption of acetylene and ethylene on 
nickel, palladium, and platinum. Single carbon—metal bonds to these catalysts should have the following 
lengths, obtained by summing the single-bond radii (Pauling, ‘‘ The Nature of the Chemical Bond,”’ 1940) : 
C-Ni, 2-0a.; C-Pd, C-Pt each 2-1 a. The uncertainty about the valency of the metal atom could only intro- 
duce a second-order variation from these lengths. The length 1-82 a. previously used for C—-Ni and C-Co in this 
type of calculation is the length of bonds which probably possess some double-bond character and resonance 
shortening (Pauling, op. cit.) in carbonyl-type compounds, Using the distances first mentioned, the normal 
lengths for C-C and C=C, and the concept of adsorption as depicted by Twigg and Rideal and by Herington, 
we find the most favourable lattice distances to be,’in the case of ethylene, 2-87 a. for nickel and 2-94 a. for 
palladium and platinum, and in the case of acetylene, 3-33 a. and 3-43 a. respectively. The available distances 
in the face-centred cubic lattices are 2-48 a. and 3-50 a. for nickel, ca. 2-75 a. and 3-88 a. for palladium, ca. 
2-75—2-85 a. and 3-88—4-04 a. for palladium hydride, and ea. 2-75 a. and 3-91 a. fomplatinum. The adsorption 
of ethylene on the shorter distances, which Twigg and Rideal describe in detail for nickel, should therefore also 
be favoured as the mode of ethylene adsorption on the other metals. When so adsorbed, the molecule would be 
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subject to strain, greatest in the case of nickel, which could not be relieved by a twisting of the molecule, as 
suggested by Twigg and Rideal, since it is readily shown that the metal-C-C angle has a maximum value when 
the metal-C—C--metal quadrilateral is planar. Acetylene adsorption, on this theory, would presumably favour 
the longer distances, as maintained by Herington with special reference to nickel and to cobalt in the face- 
centred cubic form. Strain would be in the opposite sense to that in the case of ethylene adsorption, and would 
be least with nickel catalysts. From considerations of strain alone, it seems possible that acetylene adsorption 
may be favoured on nickel, but in the larger lattices ethylene adsorption is likely to be more favoured. The 
greater abundance of shorter distances in the lattice should, if other factors were equal, favour ethylene adsorp- 
tion (Herington, Joc. cit.). 

Previous workers have, of course, recognised that factors other than purely spatial ones must play a large 
part in determining the phenomena, and it would seem that in general it must be such other factors which give 
rise to the stronger adsorption of acetylene than of ethylene on the metals concerned. In particular, the energy 
necessary to desorb the hydrocarbon may be more important than the number of sites available for adsorption, 
since acetylene more firmly held than ethylene might displace the latter from the surface without necessarily 
covering all the metal atoms. On the associative theory such displacement appears possible on the (110) and 
(100) faces of the nickel—palladium—platinum group, but could hardly occur on the, (111) faces, which have none 
of the longer lattice distances,_ In seeking to account for a firmer adsorption of acetylene, it may be pointed 

_out that the heats of formation of carbon-carbon bonds are such that, in general, the addition of a substance to 
an acetylenic compound to give an ethylenic derivative should be accompanied by evolution of about 18 kg.-cals. 
more than accompanies the addition of the same substance to the ethylenic compound to give a saturated 
derivative. If the associative theory is correct, this energy difference may well be an important factor in 
accounting for the stronger adsorption of acetylenic compounds than of the corresponding ethylene derivatives, 
which appears rather a general phenomenon on various metals (see, e.g., Campbell and Campbell, Chem. 
Reviews, 1942, 81, 77). The difference in heats of adsorption may be increased if the unsaturated linkage 
concerned forms part of a conjugated resonance system, or if the greater unsaturation in the acetylene deriv- 
atives affects the adsorption in other ways, such as by pérmitting states of the type (I) or (II). A four-point 

contact of the latter type, though not probable, might be sterically possible 


H H Ni Ni ona (110) face. ’ 
rn, DEK , It should be pointed out that the complete covering of the (110) face by 
N Ni N Ni associatively adsorbed acetylene (Herington, loc. cit.) may involve some 
(I.) (II.) interference between non-bonded carbon atoms, if the van der Waals radius 
for these is taken as about 1-5 a., which is the figure given by the approximate 
rule of adding 0-8 a, to the single-bond radius of the element (Pauling, op. cit.). Ina film of adsorbed acetylene, 
however, there would be less interference between hydrogen atoms than in the case of ethylene, where, for total 
covering of the most readily covered face (110) it is necessary to take a rather low value for the van der Waals 
radius of hydrogen, even with the larger lattices; for instance, Twigg and Rideal (Trans. Faraday Soc., 1940, 
36, 533) take 0-78 a., whereas Pauling (op. cit.) favours 1-2 a. as the best average figure. 
It is possible that modification of the surface of the catalyst by reaction may affect adsorption relationships 
of the types considered. 


The author is indebted to Mr. D. Ll. Hammick for help in various ways, and to the Department of Scientific and 
Industrial Research for a grant. " 
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101. Molecular Volume and Structure. Parts VII and VIII. 
By T. W. GIBLING. 


Part VII. 


Slight modification of two group values and one “‘ interference correction ”’ previously assessed is necessitated 

by recent determinations, and the parachors of aldehydes, ketones, and esters of fatty acids are reconsidered, as 

_ well as those of certain esters and ethers containing olefinic groups. Cyclic paraffins and olefins are considered 

in further detail. The variation of parachor with temperature in the case of certain normal liquids is discussed 
with special reference to the anhydrides of fatty acids. 


ONLY in one instance have parachor determinations of the last few years necessitated the revision of ‘‘ group 
values ’’ calculated in the previous parts of this series: I and II, J., 1941, 299; III and IV, J., 1942, 661; 
V and VI, J., 1943, 146. Owen, Quayle, and Clegg (J. Amer. Chem. Soc., 1942, 64, 1294) measured the parachors 
of 15 alkyl ketones, seven of these being investigated for the first time. Their results, taken in conjunction 
with the earlier determinations, indicate that the values allotted in Part II for (C)-CO-(C) and (C)-CHO should 
each be increased by 0-1, thus becoming 51-0 and 67-4, respectively. With thgse group values, calculated 
parachors for 41 normal liquids containing keto-groups agree with the mean observed values within 0-2% 
on the average. The ‘“‘ standard values ”’ (S.V.) of the compounds containing the above groups (seé Part III, 
pp. 664, 665; Part V, p. 148; Part VI, pp. 149, 150) each require the addition of 0-1 or 0-2 unit. 
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. Sufficient data have now become available to show that the correction for the 8-carbon atom in the ethereal 
oxygen chain of alkyl fatty esters, as well as in the ethers themselves, is —0-7 (Part V, p. 152). The table 
“ Esters of Fatty Acids ’’ (Part II, p. 307) thus requires extension and amendment as in Table I, in which are 
also included four esters and two ethers containing olefinic groups. For the last five compounds in this table, 


TABLE I. 


Compound. S.V., calc. E.C. [P], calc. [P], obs. Diff., %. Corrns. applied. 
Methyl isobutyrate * ............ 252-2 _+0-6 252-8 253-3 [2] +0-2 —2-40: carb. 
isoAmyl — / 294-7 293-65 [2] —0-4 —0-7: eth. 
Butyl acetate 40:8 295-9 295-45 (2]tt —O-1 
isoAmyl acetate 332-7 +1-0 333-7 * 334-35 [2] +0-2 
isoAmyl $13 371-8 372-1. —2-7: carb. B; eth. 8. 
isoAmyl butyrate +1-6 411-1 409-7 [2] —03 -—35: , By: 
isoAmyl stearate.. 974-5 974-2 —00 -—52: , 
Allyl acetate ....... +0-6 245-6 245-2 § —0-2 
ay-Dimethylallyl formate ...... 282-5 +0:°7 283-2 281-6 || —06  —0O-7: 
ay-Dimethylallyl acetate ...... 321-3 +1-0 322-3 321-2 || —03 v» 
y-Methyl-a-ethylallyl acetate 361-1 +1:3, 362-4 362-3 § —0-0 
ay-Dimethylallyl methyl ether 276-4 +0-7 277-1 277-2 || +0-0 
ey-Dimethylallyl butyl ether 394-7 396-2 393°8 || —06 —1-4: 2 eth.8 


* Inadvertently omitted from the original table (q.v.). 

+ Washburn and Shildneck (J. Amer. Chem. Soc., 1933, 55, 2354) : 294-3. 

.  ~ Buehler, Gardner, and Clemens (J. Org. Chem., 1938, 2, 167), whose results include the following acetates: 
Et, 216-5; Pr, 257-0; Bu, 296-6; Am, 336-2. 

§ Airs, Balfe, and Kenyon (J., 1942, 22). 

|| Hills, Kenyon, and Phillips (J. 1936, 576). 


it has been assumed that the presence of a double bond in the ethereal oxygen chain does not appreciably 
affect the correction to be applied. 

Parachors of simple cycloparaffins, C,H,,, and cycloolefins, C,H,,-,, have been determined for n = 5—7, 
as well as parachors of several of their derivatives, and in Part III (loc. cit.) those of cyclopentane and cyclo- 
hexane and some of their derivatives were considered. So far, no values have been recorded for the parachors 
of the parent hydrocarbons in which » = 8 or 4, or for those of any of their homologues, but certain derivatives 
have been investigated. Table II gives probable values for (a) ring corrections, (b) S.V., and (c) parachor of the 
parent hydrocarbon in each case, but data are lacking for cyclopropene and cyclobutene rings. Parachors 
asterisked in this table were determined by Vogel (J., 1938, 1323). 


TABLE II. 


cycloParaffins, C,H,,. cycloOlefins, 
n. (a). (b). (c). (a). (b). (c). 
3 + 59 131-9 132-0 
4 +01 1681 168-3 — 
5 — 5&4 204-6 205-0 * — 65 192-5 192-8 * 
6 —10-7 241-3 241-8 * —11-l 229-9 230-4 * 
7 278-1 - 278-8 * —15-5 267-5 268-2 * 


ww he above values of (a), (6), and (c) for cycloparaffins lie smoothly on their respective curves, and the ring 
corrections (a) are determinable from the general formula 26-1—7-63n + 0-35n? — 0- 016n*. The values for 
cyclobutane were obtained by interpolation, their approximiate accuracy being indicated by good agreement 
of three of the four derivatives included in Table III, the calculated and observed parachors in which are supple- 
mentary to those given in Part III (/oc. cit., p. 662). The compounds in question are (A) methyl and (B) ethyl 
cyclopropane-1 : 1-dicarboxylate, (C) ethyl cyclopropane-1 : 2-dicarboxylate, (D) ethyl caronate, (E) cyclo- © 


TABLE III. 


Derivatives of cycloparaffins, C,H,,. 
Cpd. S.V.,calc. E.C, [P], calc.  [P], obs. Diff.,%. Corrns. applied. 


n. 
3 (A) 337-9 + +11 339-0 339-3 —2-2: // chains 
(B) 414-5 +1-7 416-2 417-1 +02 —4-4: 
421-1 +1-7 422-8 422-8, +0-0 
(D) 491-1 +2-4 493-5 493-2 —5-4: 2o0- 
a (E) 697-1 +4-9 702-0 701-1 —O1l1 —14-2: 20-; // chains 
+ (F) 312-7 +0-9 313-6 309-4 —13 — 
(G) 374-1 +1-4 375-5 374-8 —2-2: // chains 
is (H) 450-7 +2-0 452-7 454-1 . +03 £—44; ” 
” (I) 360-7 +13 362-0 362-0 * +0-0 — 
cycloOlefins, 
5 (J) +0-5 231-8 232-9 +0-5 
6 (K) 268-7 +0-7 269-4 269-4 +0-0 


* [P] increased from 358-1 at 13-5°, fairly rapidly at first (to 359-5 at 46°), later more slowly (361-1 ‘at 84-5°, 361-5 
at 111-5°) till it had reached 361-7 at: 126-5°; extrapolation indicates the calc. value, 362-0.’ 


. 
> 
| | 


382 Gibling : Molecular Volume and Structure. Parts VII and VIII. 


propane-1 : 1 : 2: 2-tetracarboxylate, (F) ethyl cyclobutanecarboxylate, (G) methyl and (H) ethyl cyclo- 
butane-1 : 1-dicarboxylate, (I) ethyl 1-cyanocyclobutane-l-carboxylate, (J) 1-methyl-A*-cyclopentene, 
(K) 1-methyl-A?-cyclohexene. A correction of —3-2 is made for attachment of a carbon atom to the ring; 
. other corrections applied here or later include o-, m-, and p-corrections (as for the xylenes) and those for paralle} 
chains of carbon atoms (as for alkyl malonates; see Part II, p. 309). Parachors recorded in Table III are by 
Sugden and Walters (J., 1927, 139), except those of (A), (G), (J), and (K), which are by Vogel (J., 1934, 333; 
1938, 1323). 
The following table is supplementary to that in Part III (p. 664) in which, as stated before, 0-1 should be 
added to each S.V. . 


Cyclic ketone. E.C... [P], calc. [P], obs. Diff., %. Corrns. applied. 
l-Menthone ........ 402-15 [2] —0-1 —6-6: m-, p- 


dI-Angustione eee . . 442 t —24-7: 4o-, 3m-, 4p- 
* Naves ond Sueesion, (Helv. Chim. Acta, 1942, 25, 1046). 
t, Carter (J., 1927, 1278) : J-, 403-2; dl-iso-, 405-3. Gillespie, Macbeth, and Mills (J., 1940, 280) : J-, 401-1; dl-iso-, 
401- 


. Evans and Soper (J., 1931, 289). 


It may be noted that the parachor calculated for angustione (I), with its , multiple o-, m-, and p-corrections, 
agrees well with the experimental value. 

From the parachor of ethylene oxide, 112-5 (Sugden and Wilkins, J., 1927, 139), the ring correction in this 
appears to be —1:7. Thus: 


2-CH,-, uncorr. at 42-0 (Part I, p. 302).. 


Ring correction 


The fact that the inde of water is greater the more fully its molecules are associated, in contrast to 
alcohols and phenols, whose parachors decreast with association (Part VI, p. 150), confirms the idea that H,O 
molecules tend to associate in small rings, for which the increase in volume due to the presence of the ring itself 
is not swamped by a decrease brought about by interaction of the non-linked atoms of the ring (Part III, p. 
661); an alcohol or a phenol, with carbon as well as hydrogen attached to the oxygen atom, tends to form 
open chains of molecules. 

The earliest: determinations of parachors showed clearly that those of non-associated substances, such as 
carbon tetrachloride, ether, ethyl acetate, and nitrobenzene, remained constant over wide temperature ranges. 
In certain cases, however, parachors of non-associated liquids have been found to vary considerably with 
temperature, the substances in question usually having molecules which are both polar and flexible. 

Lewis’s results (J., 1940, 32) show that the parachors of the anhydrides of four of the fatty acids all increase 
by just over a unit for a rise in temperature of 30° within the range of determination, viz., 15° or 20° to 50°. 
He remarks that the presence of small traces of the associated acids would contribute to the anomaly, but 
Sugden’s results (J., 1924, 125, 37; ‘‘ The Parachor and Valency,’’ 1929, 167) for the parachor of acetic acid at 
different temperatures suggest that contamination of acetic anhydride with its acid should act in the reverse 
direction, i.e., tend to reduce the anomaly. Thus, the parachor of acetic acid, treated as being in the dimeric 
state, increases from 262-6 at 10° to 263-4 at 50°, i.e., only by 0-8, or 0-3%, for a temperature rise of 40°, whereas 
that of Lewis’s acetic anhydride increases from 225-4 at 15° to 226-6 at 50°, i.e., by 1-2, or 0-5%, for a rise of 
35°. The parachor values of this series of anhydrides are consistent with each other at any one of the seven 
or eight temperatures used, and therefore the anomaly would appear to be connected with the structure of 

the —-CO-O-CO-— grouping, the effective value of which seems to vary as follows : 


20° 25° «30° 35° 40° 45° 50° 


(II.) 
ay 


Using the above group values at the corresponding temperatures, one finds that the 30 parachors calculated 
show excellent agreement with those recorded, the mean difference being less than 0-1%. Thus, at 20°: 


E.C. [P], calc. [P], obs. Diff., %. Diff.in S.V. for 2-CH,-.* 
225-5 ~ 225-6 +0-0 
301-8 
379-2 —0-2 


536-8 
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Anhydride. S.V., calc. 

Valeric 4549 456-9 2 X 38-1 
Hexoic. 684-4 42.8 537-2 

ee | * See Part II, p. 306. 
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From consideration of the structure of the anhydride group, it is clear that its effective volume contribution 
will depend upon the relative positions in space of the two carbonyl groups attached to the ethereal oxygen 
atom, the different possible configurations being obtained by rotation of the attached groups round either of the 
axes (1) and (2) in (II). Configurations producing least interferente (and therefore leading to greatest molecular 
volume) should be those in which the planes of the two halves of the anhydride group are approximately at 
right angles to each other (cf. the somewhat similar case of benzil; Part III, p. 665). The more nearly the 
structure of the group becomes planar, the greater will be the interference, and consequently the smaller the 
parachor contribution. 

In some cases, notably with the ¢ert.-alkyl chlorides investigated by Quayle, Owen, and Beavers (J. Amer. 
Chem. Soc., 1939, 61, 3107), parachors of normal liquids have been found to decrease with rise in temperature, 
and in a few cases parachors seem to increase to a maximum value and then decrease with further rise in 
temperature (Part V, p. 147). Where parachors show a decided drift in one direction or the other, a mean 
value recorded over some arbitrary range of temperature can obviously have little significance. 


Part VIII. 


The parachors of alkyl sulphides, thiols, and disulphides are considered, and group values are estimated. It 
is suggested that the ‘‘ interference corrections ”’, varying from member to member, which are required for the 
parachors of mercury alkylmercaptides, afford evidence as to the structure of these compounds. The structures 
of alkyl sulphites are similar to those of the corresponding alkyl carbonates, and those of sulphates and 
phosphates also appear to belong to the same type as the sulphites. ‘ 


From the most recent determinations of the parachors of alkyl sulphides, thiols, and disulphides, standard 
values for groups have been estimated as follows : (C)*S-(C), 52-0; (C)-SH, 68-2; (C)-S-S-(C), 103-1; (C)-CH,°(S), 
389-3, whence the correction for the grouping (III) is —2-7. These values have been obtained by fixing S.V., 
‘—CH, at 55-2 (see Part II, p. 304). In all three classes of compound the alkyl chain would appear 

Kh to bend backwards towards the sulphur atom to which it is attached. The “‘ interference corrections ”’ 
s) required extend as far as the fifth carbon atom, those for the disulphides necessarily including a 

(III.) correction for the B-carbon atom, due to interaction between this and the second sulphur atom. 
The CH, increments in the series are as follows : : 


Et Pr Bu. Am. Hex. 
Sulphides and.thiols — ...........cseeeee 39-3 38-8 39-2 38-8 39-8, normally 


Hence, if normal values are given to the alkyl groups [viz., CH,-(C), 55-2; (C)-CH,*(C), 39-8; (C)-CH,(S), 


39-3 ; (>c#O), 22-2], the corrections required in the chain are as follows, these applying to only one of the 
branches in a divided chain : r 
Sulphides and thiols —06 —1-0; total, —2-6 
—09 -13 -—-06 -—10; —38 


In the following table the results for isopropyl and sec.- and tert.-butyl compounds are omitted, since the exact 
configurations of the molecules, and consequently the corrections required, are not obvious. The parachors 
of the sulphides and disulphides were measured by Vogel and Cowan (J., 1943, 16) and those of the thiols by 
Mann and Purdie (J., 1935, 1557), except ethylthiol and phenylthiol, whose parachors were recorded by Sugden, 
Reed, and Wilkins (J., 1925, 127, 1525). In the calculations for phenyl compounds it is assumed that inter- 
ference between the sulphur atom and the benzene ring necessitates a correction of —2-7, i.e., that S.V., 
C,H,-(S) is 189-7 (cf. Part III, p. 664 for oxygen attached to the ring). 


Sulphides, R-S-R’. 
Rand R’. S.V., calc. E.C. [P], calc. [P], obs. Diff., %. Corrns, applied. 
Methyl ethyl 201-7 202-1 
Methyl isobutyl 278-8 
Dipropyl ‘319-6 
Ethyl butyl 320-0 
i 476-8 
557-2 
637-8 
718-6 ” 
428-4 —48: as 2EtPh 
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Thiols, R-SH. 


R and R’. S.V., calc. EC. [P], calc. JP], obs. Diff., %. Corrns. applied. 
+0-7 280-2 280-6 +01 —26:Sy,5,€ 
400-4 400-2 ” 
Phenyl 257-9 +0-6 258-5 257-0 —0-6 _ 


213-5 213-9 213-9 +0-0 

290-3 +08 291-1 291-1 +00 —1-8: S, 28 

367-3 +1-3 368-6 368-5 —00 —4-4: S, 28, 2y 

441-5 +1-9 443-4 443-4 +0-0 : 
445-7 +1-9 447-6 447-7 +00 —5-6: S, 28, 2y, 28 
520-9 +2-7 523-6 ' 521-2 * —0°5 

523-3 +27 526-0 524-6 * —T7-6: S, 28, 2y, 28, 


* These parachors increase rather rapidly with rise in temperature : 518-5 (13-4°) to 522-9 (120-2°) and 522-0 (18-5°) 
to 525-6 (120-7°), respectively. 


The interference corrections required by the parachors of mercury -alkylmercaptides suggest, in the liquid 
state, zig-zag configurations of the alkyl chains on opposite sides of the S-Hg-S nucleus, itself known to have a 
linear structure (IV) [cf., however, Wells (Z. Krist., 1937, A, 96, 435) on the crystal structures]. Mann and 
Purdie (loc. cit., p. 1562) recorded the parachors of six members of the series at two temperatures and that of the 
butyl compound at the higher temperature, 99°, only. Their results show an average increase in parachor of 
2-9 per 22° rise in temperature. For purposes of comparison throughout the series, therefore, ‘it is best to 
consider only the values measured at 99°. Inthe following table, ‘‘S.V.,expd.”’ is obtained by addition to the 
value for the ethyl compound of 2(m — 2) x 39-8; where » is the number of carbon atoms in each alkyl chain. 
As might be expected from the configuration suggested, the corrections form two descending series—one for 
the odd-numbered carbon atoms (— 6-1, —4-35, —3-55) and one for the even (—4-3, —3-0, —1-1)—and appear 
to diminish practically to zero when the eighth carbon atom is reached. 


Mercury alkylmercaptides, Hg(SR)>. 


R. [P], obs. E.C. S.V., obs. S.V., expd. © Corrn. Corrn. per C atom. 

—1-6 401-8 414-0 —12-2 —6-1 

—2-9 543-7 57302 —29-5 é, —4:35 
694-5 —47 689-8 732-4 —42-6 n, —3-55 
773-1 —5-9 767-2 812-0 — 44-8 8. —l-l 


The structure of alkyl sulphites (V) resembles that of the carbonates (Part II, p. 308), and the parachor 
corrections are identical, except that the 6-carbon atom in each chain, by its interaction with the sulphite 
group (which is larger than the carbonate group), produces an interference for which the correction is —0-8. 
In the case of isopropyl sulphite, however, the correction is not operative, which suggests that each pair of 
methyl groups in this molecule is symmetrically arranged with respect to the plane of the SO, nucleus. In 
alkyl sulphates and phosphates, also, the alkyl chains beyond the §-carbon atoms seem to proceed parallel with 
each other, each pair of corresponding carbon atoms being at such a distance apart as to cause mutual inter- 


(C)-CH,:(O) 
(C) © 


‘CH 
™ "\ CH, = On 
Cc H-(O 
. (V.) (VI.) (VIII.) (X.) 


ference necessitating a correction of —2-2. As the phosphates contain three alkyl chains, the correction for the 
interaction of each trio of corresponding carbon atoms beyond § will be —6-6. In both cases there is a cor- 
rection for interference between the §-atom and the SO, or PO, group : for the former, —1-1, and for the latter, 
—1-4. .The following are the S.V. of the sulphite, sulphate, and phosphate groups, respectively : (VI), 109-0; 
(VII), 127-0; (VIII), 119-8. [N.B. S.V., (IX) = 39-4; S.V., (KX) = 21-4—see Part II, p. 305]. All the parachor 
measurements are by Vogel and Cowan (loc. cit., p. 22), who also give details of previous determinations in some 
cases, 


| [194 


Disulphides, R,S». 
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Alkyl sulphites, R,SOs. 


R. [P}, calc. - [P], obs. Diff., %. Corrns. applied. 
+0-4 219-8 219-7 —0-0 _— 
+0-8 297-4 297-6 +0-1 —1-6: SO, 28 
isOPropy] 372-8 374-1 3745, +01 
PrOpyl S140 +1-4 375-4 375-4 +00 —3-8: SO, 28; // chns. 
ésoButyl +2-0 449-0 450-6 +04 —6-0: 


+2-7 527-1 525-7 —03 —82: 
531-6 532-0 


Alkyl sulphates, R,SO,. 


237-9 237-9 +0-0 
314-0 +0-9 314-9 316-4 +05 —22: $0, 28 
391-4 +15 392-9 392-2 —02 ; chns. 


42-1 470-9 469-9 —02 —66: 
Alkyl phosphates, 


Methyl +0-8 286-2 286-2 +0-0 

401-0 399-9 42: PO, 38 

Propy] 512-2 +2-6 514-8 515-9 +02 —108: » + ]/chns. 
+3-9 628-9 629-2 —17-4: 


The three pairs of methyl groups at the end of the molecule of an iso-alkyl phosphate will presumably take 
up a symmetrical structure about the axis of the PO, group, but the interference corrections involved are not 
calculable from present data; from the parachors determined for isopropyl phosphate (509-9) and isobutyl 
phosphate (625-2), the corrections required (—8-9 and —14-5, respectively) seem to be intermediate between 
those calculated for the normal isomer and the preceding normal homologue in each case. 

New or amended group values recorded in these two parts are as follows: S.V., (C)-CO-(C), 51-0; (C)-CHO, 
67-4; (C)-CO-O-CO-(C), varying from 1145 at 15° to 115-7 at 50°; (C)S-(C), 52-0; (C)-SH, 68-2; 
(C)S-S-(C), 103-1; (C)-CH,-(S), 39-3; C,H,*(S), 189-7; [(C)*O],SO, 109-0; [(C)-O],SO,, 127-0; [(C)-O],PO, 
119-8. 


Correction for the grouping of 44 —2-7. 
Corrections for carbon atoms in alkyl chains attached to: 


-O-: 8, —0-7. -S-: y, —10; 8, —0-6; —1-0 (total, —2-6). 
-S'S-:.B, —0-9; y, —1:3; 8, —0-6; e, —1-0 (total, —3-8). 
-O-SO-O-: 8, —0-8 (—2-2 extra for each following pair of C atoms). 
—O-SO,’O-: 8, —1-+1(—2-2 extra for each following pair of C atoms). 


“O>P0-0- : B, —1-4 (—6-6 extra for each following trio of C atoms). 


\ 


Ring corrections : Derivatives of cycloparaffins, C,H,,, with n = 3, +5-9; 4, +0-1; 5, —5-4; 6, —10-7; 
7, —15°9; i.e., 26-1—7-63n + 0-35n* — 0-016n*. Derivatives of cycloolefins, with » = 5, —6-5; 
6, —11-1; 7, —15-5. 
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102. The of 3-N and 4-Nitro-2-naphthylamine by 
-Maleic Anhydride, and the Monobromination of 4-N ttro-2-naphthylamine. 


By Hersert H. Hopcson and Davin E. Hatuway. 


A mixture of 4-nitro-2-naphthylamine and 3-nitro-l-naphthylamine has been ted by preferential | 
acylation of the former compound by maleic anhydride. A thermal analysis diagram been constructed to. © 
enable both the acetic anhydride and the maleic anhydride separation to be almost quantitatively effected. 
Two equivalents or more of bromine will only monobrominate 4-nitro-2-naphthylamine to give 1-bromo-4-nitro- 
Reduction of 1: by sodium hyposulphite gives 1 : 3-naphthylene- 


THE separation of saltnnbcnabiiaatasiens from 3-nitro-l-naphthylamine, previously effected with acetic 
anhydride (Hodgson and Birtwell, this vol., p. 75), has now been accomplished with maleic anhydride. A 
apps analysis diagram has been constructed to enable the requisite amount of acetic or maleic anhydride to 
computed. 
The mixed amines obtained by sodium sulphide mdiniblonhs of 1: 3-dinitronaphthalene (Hodgson and’ 
Birtwell, Joc. cit.) comprise ca. 16% of 4-nitro-2- and 84% of 3-nitro-l-naphthylamine, as deduced from the 
m. p. 114° of the mixture and subsequent isolation of the separate amines. Reduction in glacial acetic acid by 
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alcoholic stannous chloride (Vesely and Dvorak, Bull. Soc. chim., 1923, 33, 319) gave a mixture of amines, 
m. p. 120°, corresponding to 11% of 4-nitro-2- and 89% of 3-nitro-l-naphthylamine. Reduction of 1 : 3-di- 
nitronaphthalene with sodium hyposulphite (hydros) in amount just sufficient for monoreduction gave equal 
quantities of 1 : 3-naphthylenediamine and unchanged 1 : 3-dinitronaphthalene; no nitronaphthylamines were 
detected. 

Bromination of 4-nitro-2-naphthylamine differs from that of its isomeride in that more than 2 equivalents 
of bromine will only effect monobromination to 1-bromo-4-nitro-2-naphthylamine, whereas less than one 
equivalent of bromine will dibrominate 3-nitro-l-naphthylamine to. 2 : 4-dibromo-3-nitro-1-naphthylamine, 
leaving unchanged initial material (Hodgson and Hathway, this vol., p. 21). The constitution of the 1-bromo- 
4-nitro-2-naphthylamine was confirmed by its deamination to 1-bromo-4-nitronaphthalene. 


EXPERIMENTAL. 


Separation of 4-Nitro-2- from 3-Nitro-1-naphthylamine.—When hot solutions of maleic anhydride (0-5 g) and the 
mixed amines (4 g.) obtained by sodium sulphide reduction of 1 : 3-dinitronaphthalene (Hodgson and Birtwell, loc. cit.) 
in chloroform (5 c.c. and 30 c.c, respectively) were mixed, heat was evolved, and 4-nitro-2-naphthylmaleamic acid separated 
on cooling (1-35 g.); it crystallised from ethyl alcohol in pale lemon, parallelepipeds, m. p. 193° (Found: N, 9-7. 
C,,H,,0,N, requires N, 9-8%). Three successive additions of maleic anhydride (0-2 g.) to the filtrate effected further 
separations (0-55 g.) of the above compound, contaminated, however, by an increasing content of 3-nitre-l-naphthyl- 
maleamic acid as shown by m. p. sequences of 178°, 171, and 165°. Further addition of maleic anhydride afforded pure 
3-nitro-1-naphthylmaleamic acid, which crystallised from alcohol (charcoal) in sheaves of slender golden-yellow needles, 
m. p. 170° (Found: N, 9-7%). Mixed m. p.’s with the maleamic acids prepared from the pure nitroamines established 
identity. Both the above maleamic acids dissolve in aqueous sodium carbonate and are precipitated unchanged from 
the solutions on acidification. 
4-Nitro-2-naphthylamine was isolated from the maleamic acid (1-3 g.) by heating it for 1 hour under reflux with a 
mixture of sulphuric acid (15 c.c., d 1-84), ethyl 
4-Nitro-2-naphthylamine 3-Nitro-/-naphthy/lamine aicohol (30 c.c.), and water (15 c.c.), precipit- 
1 ; ation of 4-nitro-2-naphthylamine sulphate by 
c addition of water (150 c.c.), and subsequent 


130° : / basification by cautious addition of 10% 
3 aqueous ammonia at 0°; it crystallised from 
a / 50% aqueous ethyl alcohol in long, felted, 


scarlet needles, m. p. 98-5° (Vesely and Dvorak, 
loc. cit., give m. p. 95°; Hodgson and Birtwell, 
loc. cit., give m. p. 97°) (Found: N, 14-9. Calc.: 
N, 14:9%). It gave an apple-green colour with 
concentrated sulphuric acid which became 
~ ; scarlet on dilution, whereas 3-nitro-l-naphthyl- 


~ 


Temperature. 


amine gave an intense dirty brown colour with 
a green fluorescence, also turning scarlet on 


dilution. 


80° KR. A 4-Nitrobenzo-2-naphthalide, prepared by the 

Schotten—Baumann reaction in acetone, crystal- 

nea lised from ethyl alcohol in golden-yellow plates, 

70° m. p- 169° (Found : N, 9-6. C,,H,,0;N, Te- 
100 90 8 70 60 50 40 3 20 W O quires N, 9-6%). 

4-Nitro-2- naphthylamine, Thermal Analysis of Mixtures of.3-Nitro-1- 


and 4-Nitro-2-naphthylamine.—Synthetic mix- 
tures of the pure nitroamines were fused in ignition tubes, the melt allowed to solidify, then finely powdered, and the 
m,. p. taken when the sintered substance just became a clear liquid. The results are plotted in the diagram. The 
eutectic temperature is 73° and a synthetic mixture having the eutectic composition, viz., 35% of 3-nitro-l-naphthylamine 
(0-035 g.) and 65% of 4-nitro-2-naphthylamine (0-065 g.), was found to melt at 73°. 

The mixed amines (7-4 g.) obtained by reduction of 1 : 3-dinitronaphthalene (11 g.) by sodium sulphide (Hodgson and 
Birtwell, Joc. cit.) had m. p. 114°, cogresponding to 16% of 4-nitro-2- and 84% of 3-nitro-l-naphthylamine; separation 
by maleic anhydride resulted in the isolation of pure 4-nitro-3-naphthylamine (0-8 g., ca. 70% of the predicted yield) 
and of 3-nitro-l-naphthylamine (6-5 g., m.-p. 129°, of 95% purity). 

Monobromination of 4-Nitro-2-naphthylamine.—When 4-nitro-2-naphthylamine (2 g.), dissolved in dry chloroform 
(9 c.c.), was treated dropwise at 40—50° with 4-7 c.c. of a solution of bromine (1 c.c.) in dry chloroform (9 c.c.), 1-bromo- 
4-nitro-2-naphthylamine hydrobromide (3-2 g.) was precipitated. Dilute aqueous ammonia liberated 1-bromo-4-nitro- 
2-naphthylamine (2-8 g.), which crystallised from alcohol (charcoal) in felted tan-coloured parallelepipeds, m. p. 153° 
(Found: Br, 29-8. C, )H,O,N,Br requires Br, 30-0%). 1-Bromo-4-nitroaceto-2-naphthalide crystallised from glacial 
acetic acid in buff, almost colourless, rectangular plates, m. p. 177° (Found : Br, 25-7. C,,H,O,N,Br requires Br, 25-9%). 

1-Bromo-4-nitronaphthalene was formed when a solution of 1-bromo-4-nitro-2-naphthylamine (1-3 g.) in glacial 
acetic acid (30 c.c.) was stirred below 20° into one of sodium nitrite (0-5 g.) in sulphuric acid (7 c.c., d 1-84) and the 
diazonipm mixture, after 15 minutes, stirred into a suspension of cuproys oxide (1 g.) in ethyl alcohol (50 c.c.), the stirring 
being continued until reaction ceased. The mixture was poured into ice-water (500 c.c.), and 1-bromo-4-nitronaphthalene 
extracted from the resulting precipitate by boiling alcohol (1 g.), from which it crystallised on cooling ‘ recrystallised 
(charcoal) from the same solvent, it formed pale yellow micro-needles, m. p. 87° (John, Bull. Soc. chim., 1877, 28, 515, 
gives m. p. 85°) (Found: Br, 31-5. Calc.: Br, 31-7%). _ 

Attempted Dibromination of 4-Nitro-2-naphthylamine.—A solution of the amine (0-3 g.) in dry chloroform (2 c.c.) at 
50° was treated with 2 c.c. of the bromine reagent above, and the. precipitated hydrobromide removed and basified. 
Only 1-bromo-4-nitro-2-naphthylamine (0-35 g.) was obtained, which, after recrystallisation from alcohol, had m. p., 
and mixed m. p. with authentic specimen, 153°. 4-Nitronaphthalene-2-azo-B-naphthol was precipitated when a solution of 
4-nitro-2-naphthylamine (0-5 g.) in glacial acetic acid (7 c.c.) was diazotised by addition to sodium nitrite (0-3 g.) in 
sulphuric acid (5 c.c., d 1-84) below 20°; after 30 minutes, the solution was diluted with ice and stirred into one of 
f-naphthol (0-4 §) in 20% aqueous sodium -hydroxide (55 c.c.) below 25°., After 1 hour, the azo-compound (0-9 g.) 
was removed and crystallised from glacial acetic acid; it formed deep red, micro-needles, m. p. 240° (Found: N, 12:3. 
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CypHys0,N; requires N, 12-2%), which gave with concentrated sulphuric acid a deep purple colour that turned scarlet on 
dilution with water. 


The authors thank I.C.I. Ltd., Dyestuffs Division,.for gifts of chemicals. 
TECHNICAL COLLEGE, HUDDERSFIELD. . (Received, February 25th, 1944.] 


"403. Photochemical Reactions. Part VIII. Reaction of Ethylenes with 
Phenanthraquinone. 
By ALEXANDER SCHONBERG and AHMED MustTaFa. 


The reactions of phenanthraquinone with styrene, stilbene, aa-diphenylethylene, and triphenylethylene in 
sunlight are described. The products are probably derivatives of 2: 3-dih ydro-1 : 4-dioxan. 


PHOTOCHEMICAL reactions of unsaturated compounds involving the double linkages are known (Berthelot and 
Gaudechon, Compt. rend., 1910, 150, 1169; Stobbe, Ber., 1914, 47, 2701; Ciamician and Silber, Ber., 1902, 
35, 4129), but so far as we are aware the following reaction is without analogy. Under the influence of sun- 
light, phenanthraquinone reacts readily with styrene, stilbene, aa-diphenylethylene and triphenylethylene, 
giving probably derivatives of 2 : 3-dihydro-1 : 4-dioxan; ¢.g., - 


\ 
CHR:CHR’ + Sunlight 


In all four cases experiments carried out in the dark gave negative results. The photo-products are colourless, 
and decompose at high temperatures, yielding phenanthraquinone; stilbene and triphenylethylene also have 


been isolated in the two respective cases. The four photo-products, when treated with sulphuric acid, all 
yield phenanthraquinone. 


EXPERIMENTAL. 


The photo-experiments were carried out in sealed Monax glass tubes (Schlenk tubes) in an atmosphere of carbon 
dioxide (comp. Part VII, this vol., p. 67). | 

Photo-reaction between Phenanthraquinone and Stilbene.—Phenanthraquinone (1 g.) and stilbene (0-9 g.) in benzene 
(thiophen-free) (50 c.c.) were prennens y sunlight for 9 days in August, the phenanthraquinone then having dissolved. 
The benzene was driven off in a vacuum, and the residue washed with cold absolute ethyl alcohol and extracted with 
hot petroleum (b. p. 100—150°) (phenanthraquinone being difficultly soluble). On cooling (if necessary after concen- 
tration), almost colourless crystals were obtained; recrystallised from petroleum (b. Pe 100—150°) or xylene, these gave 
colourless needles, m. p. about 260° (to a red melt) (Found: C, 86-2; H, 5-3. C,,H,,O, requires C, 86:5; H, 5:1%). 
The yield was about 70%. " 

The product (0-5 g.) was treated with concentrated sulphuric acid (3 c.c.) at room temperature and kept overnight. 
The solution, initially violet and finally brown, was poured on ice, filtered, neutralised with sodium carbonate, and 
extracted with ether. The extract was dried (anhydrous sodium sulphate) and distilled, leaving phenanthraquinone, 
identified by mixed m. p. ‘ 

Ther decomposition. The photo-product was heated in a stream of carbon dioxide in a tube about 25 cm. high 
at a bath temperature of about 270°. Red-brown fumes were formed and after } hour orange drops collected on the walls. 
After 48 hours, these solidified, forming a mixture of orange and almost colourless crystals. Extraction with hot dight 
petroleum (b. p. 30—50°) removed stilbene, leaving an orange residue of phenanthraquinone. Both products were 
identified by mixed m. p. determinations after recrystallisation from alcohol. 

Photo-reaction between Phenanthraquinone and Triphenylethylene.—Phenanthraquinone (1 g.) and triphenylethylene 
(2-4 g.) in benzene (25 c.c.) were exposed for 4 days in September. The oily residue remaining after removal of the 
benzene in a vacuum was repeatedly washed with petroleum (b. p. 80—90°) and with absolute ethyl alcohol. Both 
washings gave, on concentration, colourless crystals, m. p. about 225° (decomp.) after recrystallisation from petroleum 
(b. p. 80—90°) (Found: C, 87-8; H, 5-2. C,,H,,O, requires C, 87-8; H, 5-1%). The product, when treated with 
sulphuric acid, gave an olive-green colour after a few minutes. 

Thermal decomposition. This was carried out for } hour at about 235° (bath temp.) as described above. The mixture 
of orange crystals of phenanthraquinone and almost colourless crystals of triphenylethylene was separated by means of 
hot light petroleum (b. p. 30—50°). 

Photo-reaction between Phenanthraquinone and Styrene.—Phenanthraquinone (1 g.) and freshly distilled styrene 
(2 c.c.) in benzene (50 c.c.) were exposed for 4 days in October. After removal of the benzene, the residue was treated 
with light petroleum (b. p. 30—50°); on concentration, the extract gave almost colourless crystals, m. p. about 130° 
(decomp.) after washing with ether (Found: C, 84:2; H, 5-2. C,,H,,O, requires C, 84-6; H, 51%). The product, 
when treated with sulphuric acid, gave a violet colour after a few minutes. Ata bath temperature of about 310° it yielded 
phenanthraquinone. 

Photo-reaction between Phenanthraquinone and aa-Diphenylethylene—Phenanthraquinone (1 g.) and freshly distilled 
aa-diphenylethylene (1-5 c.c.) in benzene (50 c.c.) were exposed for 16 days in October/November. After the usual 
treatment, light petroleum (b. p. 30—50°) extracted from the residue a crystalline solid. This was washed with hot 
ether and recrystallised from petroleum (b. p. 100—150°), giving colourless crystals, m. p. 202—203° (orange melt) 
(Found: C, 86-4; H, 5-4. C,,H,,O, requires C, 86-5; H, 5-1%). The product gave no initial coloration’ with sulphuric 
acid at the ordinary temperature, but an orange colour was observed immediately at 100°. At a bath temperature of 
about 230° it decomposed, yielding phenanthraquinone. 


Fouap Unrversity, Aspasta, Catro. (Received, March 20th, 1944.) 
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104. The Kinetics of the Reaction between Chlorine and Nitric Owide. 
By Eric M. Stoppbart. 


Previous experiments have shown that this reaction is considerab ly influenced by surface conditions, 
adsorption of the nitrosyl chloride formed during the reaction inhibiting the change. Thee present work shows 
that the velocity constant of the reaction ultimately diminishes from experiment to experiment, as well as 
during each experiment, owing to an ageing effect of the reaction vessel. the e original state of the surface can- 
not be recovered by mere pumping or by baking under vacuum, although the latter procedure is more efficacious 
than the former. Drying prevents inhibition, and it is concluded that the ageing and inhibitory effects are due 
to the activated adsorption or chemisorption of nitrosyl chloride on the adsorbed moisture of the wall of the 
reaction vessel. Such a view would satisfactorily account for the kinetic equation previously : employed. 


In the previous paper (J., 1940, 823) the data reported for this reaction were obtained from two reaction vessels, 
one packed and one empty, both of which were used until the results were in agreement amongst themselves, . 
It was thereby clearly indicated that the chlorine—nitric oxide reaction did not obey the termolecular law under 
the conditions of the experiment, and it seemed that the nitrosyl chloride formed in the reaction was able to 
inhibit it by being adsorbed on the wall of the reaction vessel; this proves that the reaction is, at least in part, 
heterogeneous. During this earlier work it had been observed that, when a reaction bulb was first brought 
into use, it gave comparatively high velocity constants, which diminished as the bulb was used until, eventually, 
reproducible and concordant results were obtained. This matter has now been carefully examined. 

A reaction vessel of soda-glass was sealed into the apparatus in place. of the older one (see previous paper). 
The new vessel was then pumped out for 4 hours by means of a mercury-vapour pump backed by a “‘ Hyvac” 
pump. The gases were introduced as in the previous work, and the nitrosyl chloride and excess of the reagents 
‘were removed by means of an old Geryk pump protected against attack by alkali pellets; the final removal of 
gas was effected by the Hyvac pump similarly protected, followed by the employment of the mercury-vapour 
pump acting directly on the apparatus, without such protection, as this would cause considerable eaeiating 
to pumping. 

The first five experiments carried out with the new vessel gave a steady velocity constant of 12-0 x 10-7 
at 25°; a slight decrease of the velocity constant towards the end of the reaction was noted with the next two 
experiments, and in the eighth, the decrease was appreciable. The tabulated results of the experiments which 
followed show that the velocity constants diminish from experiment to experiment as well as during each 
experiment. After the twentieth experiment, the results were concordant, the initial values of k being 
4-5 x 10°’, in agreement with those of the previous paper. When this bulb was employed for experiments 
at 15°, the initial value of k was 2-2 x 10-’, also as previously reported. 

This falling off of the initial value of k is presumably due to the adsorption by the wall of some of the nitrosyl 
chloride, and the pumping carried out between successive experiments is evidently not able to remove the whole 
of this gas from the wall. There comes a time when conditions are reproducible from experiment to experi- 
ment because the state of the wall is always reattained, i.e., the amount of nitrosyl chloride adsorbed by the 
wall is essentially the same at the beginning of successive experiments, the wall being: almost saturated with 
the gas which is scarcely affected by the pumping. 

Another new bulb was employed for the fifth series of experiments, which were carried out at 15°, very 
similar results being obtained. The first four experiments gave k = 10-6 x 10 over the whole time range, 
but further use of the vessel gave results having a distinct fall in the value of k towards the end of each experi- 
ment. The initial velocity constant ultimately fell to 2-2 x 10-7 and then the bulb again gave reproducible 
experimental data, whether the temperature was at 15° or 25°, i.e., the initial values of k were 2-2 x 10-7 and 
4-5 .10-, respectively.. 

If the theory that not all the adsorbed nitrosyl chloride was removed from the wall by the pumping carried out 
at the end of each experiment is correct, it was thought that prolonged evacuation by means of a mercury-vapour 
pump, employing a vapour trap cooled to — 80%, together with baking the reaction vessel until the glass collapsed 
slightly, might achieve complete removal of the adsorbed gas so that the initial value of the velocity constant 
was restored. The attempt was made on several occasions, but the effect of such treatment was always’ very 
small. The bulb used for the fifth series of experiments was treated in this fashion, the apparatus being 
arranged so that the thermostat bath could be lowered from the apparatus so as to allow the necessary manipu- 
lation to be carried out. Expt. 6a followed, and it is seen that baking under vacuum raised the velocity con- 
‘stants but did not effect complete restoration to the termolecular conditions. The bulb was then re-evacuated 
by means of the mercury-vapour pump for about 6 hours; baking could not be undertaken again with this bulb, 
since the glass was already considerably distorted. The results of expt. 68 show a general decrease in the 
velocity constants from those of expt. 6a, and it is clear that pumping alone is not able to effect the results 
achieved by baking under vacuum. 

The bulb used for the fourth series of experiments was now washed out with a little dilute sodium: carbonate 
solution to remove adsorbed nitrosyl chloride, washed with water, and dried in an oven; it was then sealed into 
place and evacuated by means of the mercury-vapour pump for about 4 hours. Expt. 7a which followed 

‘seemed to indicate that the alkali washing had been almost as effective as baking under vacuum. The bulb 
-was baked before expt. 7B, carried out at 15°, whereupon it was again noted that such treatment could increase 
the value of the velocity constants. . 
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The conditions at the end of each of these and the previous experiments are such as to cause the reaction 
to proceed very slowly. During the fourth and fifth series of experiments, it had been the practice to admit 
poth the reactants to the reaction vessel at the end of the previous observations, and so measure the rate of 
reaction employing the poisoned reaction vessel with large concentrations of both reactants. It was found that 
the reaction velocity was not abnormally increased by the addition of more of the reactants. Rapid evacuation 
of the reaction vessel and admission of fresh reactants was also tried. It was found that if the evacuation can 
be completed in about two minutes, the velocity constant of the reaction is extremely low and of the order of 
that before evacuation. This clearly indicates that the inhibition is due to surface conditions existing towards 
the end of the reaction period and is in no way due to conditions in the gas phase. 

An attempt was also made to see whether the reaction could be inhibited by either of the reactants or the 
resultant nitrosyl chloride. The reaction vessel was filled with one of the reactants and left for several days to 
attain equilibrium with the wall; the other reactant was then introduced, and the reaction velocity measured. 
No effect was detected when nitric oxide was introduced first, but with chlorine the effect was unmistakable. 
If the chlorine was allowed to enter the vessel about a week before reaction was allowed to take place, a distinct 
lowering of the velocity constant occurred, as shown in expts. 8a and 8B. It is evident that the adsorption 
of chlorine can inhibit the reaction to an additional extenf, but its effect is very small compared with that of 
the nitrosyl chloride, since no effect is observed unless the chlorine is allowed to stand in the reaction vessel 
for several days before the experiment. 


Fie. 1. 
x. [Seale for expts. 5(7) and 5(15).|’ 
So ”* 60 70 80 90 7, 720 
T T T T T 
Expt. 4(18) Lxpt.4(8) 507) 


x Exptl values. 
© Cale. values. 
4 Jermolecular values. ~ 


‘yy Expt. 5(75) 
Ry =0:25x 10% 


l 
30 


60 70 80 - 90 100 710 
x.[Scale for expts. 4(8)and 4(18).| 


In the previous paper, an equation [(6), Joc. cit., p. 830] was deduced in order to account for the decrease 
of the velocity constant as the reaction proceeded, on the assumption that nitrosyl chloride was slowly and 
irreversibly adsorbed by the surface, the rate of adsorption being of the same order as the redaction velocity. 
It was interesting to see whether this equation was obeyed in the present series of experiments. If k, is taken 
as the initially observed velocity constant, it is found that nearly all the experiments in the present paper obey 
the equation satisfactorily, the value of k, being 1-85 x 10. Extremely close agreement of the experimental 
results with the equation is found with expts. 4(11), 4(12), 4(15), 5(7), 6a, 68, and 7a. Fig. 1 shows the 
values of dx/dt for values of x calculated from the above equation, and also those obtained by assuming the 
teaction to obey the simple termolecular law, dx/dt = k,(a — 2x)*(b — x). as well as the experimental values 
obtained in expts. 4(8), 4(18), 5(7), amd 5(15). The effect of ageing the reaction vessel on the value of dx/d¢ 
is well brought out by these curves. When % = 70, it is seen that dx/dé is about 3-0 at 15° when a compar- 
atively new reaction vessel is employed, but when the vessel is old enough to give reproducible results, then 
dx/dé is almost zero for the same value of x. The same effect can also be seen by using the value x = 80 for 
the temperature 25°. (The values of dx/dt in each of the successive experiments can be directly compared 
with one another, since it was arranged that the concentrations of the reactants should be approximately the 
same in each of these series of experiments.) 
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Pro- 
Expt. No. 4(8). 
506 294 
474 230 
456 194 
444 170 
436 154 
430 142 
425 132 
419 120 
412 106 
403 88 
396 74 
391 64 
386 54 


492 299 
469 253 
453 221 
443 201 
436 187 
430 175 
425 165 
419 153 
412 139 
405 125 
399 113 
396 107 
393 101 
391 97 
Expt. No. 4(18). 
489 306 
475 278 
465 258 
458 244 
453 234 
449 226 
445 218 
440 208 
433 194 
423 174 
416 160 
410 148 
405 138 
402 132 
Expt. No. 5(11). 
489 303 
473 271 
462 249 
454 233 
449 223 
445 215 
442 209 
438 201 
432 189 
424 173 
418 161 
413. 151 
409 143 
406 137 
Expt. No. 5(15). 
492 298 
484 282 
478 270 
473 260 
469 252 
466 246 
463 240 
458 230 
452 218 
444 202 
437 188 
431 176 
427 168 
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Expt. No. 4(9). 
497 297 
468 239 
450 203 
439 181 
430 163 
423 149 
418 139 
412 127 
404 111 
395 93 
388 79 
383 69 
378 59 
375 53 
Expt. No. 4(13). 
503 292 
482 250 
468 222 
458 202 
451. 188 
445 7 176 
440 166 
436 158 
430 146 
424 134 
418 122 
415 116 
413 112 
412 110 
Expt. No. 5(7). 
508 309 
478 249 
461 215 
450 193 
442 177 
436 165 
431 155 
425 143 
418 129 
409 lll 
403 99 
399 91 
396 85 
394 8h 
Expt. No. 5(12). 
511 298 
497 270 
487 250 
480 236 
475 226 
471 218 
467 210 
462 200 
456 188 
449 174 
443 162 
438 152 
434 144 
431 138 
Expt. No. 6a. ~ 
504 306 
484 266 
469 236 
459 216 
451 200 
445 188 
440 178 
434 166 
427 152 
417 132 
409 116 
402 102 
396 90 
392 82 
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(Afl pressures are recorded in mm. of mercury and times in minutes.) 
Pa, & xX 10’. 
Temp. = 25°. 


Pp. 
Expt. No. 4(11). 
501 295 
472 237 
454 201 
442 177 
435 163 
429 151 
425 143 
421 135 
415 123 
407 107 
400 93 
395 83 
392 77 
Expt. No. 4(15). 
520 309 
499 267 
484 237 
474 217 
466 201 
460 189 
455 179 
449 167 
442 153 
432 133 
424 117 
419 107 
415 99 
413 95 
Expt. No. 5(10). 
503 301 
481 257 
466 227 
456 207 
448 191 
442 179 
438 171 
432 159 
425 145 
416 127 
410 115 
406 107 
403 101 
401 97 
Expt. No. 5(14). 
515 - 313 
503 289 
494 271 
487 257 
481 245 
477 237 
473 229 
468 219 
462 207 
455 193 
448 179 
443 169 
439 161 
Expt. No. 6B. 
613 361 
588 311 
570 275 
558 251 
549 233 
542 219 
536 207 
528 191 
519 173 
508 151 
501 137 
496 127 
492 119 


Ar 


1 
1 
1 
2 
3 
4 
6 
2 


o- 


_ 
or 


Il 


Tin 
Time. X 107, 
oe Temp. = 25°, ( 
na 
162 im ( 
150 
‘a 136 26 10 134 1: 
131 21 9 130 
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118 07 120 3 
Be 109 98 112 4: 
ee 102 91 105 6 
ees 97 86 100 9 
92 20% 81 97 12 
eh Expt. No. 4(12). Temp. Temp. Re Temp. = 25°. 
193 Pil 211 6-5 | 
4-7 
Poe. 131 153 151 46 
fos 126 148 146 4-4 
120 144 140 4-0 
113 138 133 3-8 
106 132 123 2-9 
100 126 115 2-4 
123 110 1-2 

a 94 121 106 0-7 

5 92 120 104 

at Temp. = HD°. Temp. = 15°. Temp. = 15°. 
P Pp 
0 183 199, 202 7-9 
4 159 52 165 
oe 6 152 141 155 63 
lan 8 147 133 147 6-4 
0 143 127 141 
ig 2 139 122 137 53 
Bie 5 134 116 131 46 
ae 20 127 109 1 124 41 
117 100 115 2.5 
96 85 100 Nit 
ie Temp. = 15°. Temp. = 15°, Temp. - 
186 213 202 
+a 170 199 190 the 
159 189 181 ma 
eae 151 182 174 the 
146 177 168 
ie 10 142 173 164 
oe 12 139 169 160 ks 
15 135 164 155 
20 129 158 149 an 
Leng 30 121 151 142 - 
45 115 145 135 
60 110 140 130 th 
cate 90 106 136 126 rez 
120 103 133 ov 
Temp. = co’ 
ee 194 252 ob 
186 178 227 
‘en 180 163 209 
ne 175 153 197 th 
Sree 171 145 188 tic 
: 168 139 181 gl 
Rea 165 134 175 su 
oy 160 128 167 f 
154 121 158 
146 lll 147 be 
=o 139 103 140 ex 
133 135 

1 131 

86 489 113 128 W 


5°, 


Time. pay X 10’. - poy & X 10’. pa, X 10’. 
Expt. No. 7a. Temp. = 25°. Expt. No. 78. Temp. = 15°. Expt. No. 8a.. Temp. = 25°. 


0 503 197 306 pa 587 434 153 537 210 
2 492 175 295- S71 403 «187. 525 303 
4 484 159 287 560 380 515 
6 478 147 281 551 362 «117. 507-267 3-5 
@ it 544 34811053) 499 251 172 
10 469 129° 272 538 336 493 239 166 
12 465. 121 268 489 231 162 
15 460 111 263 483 219 156 
20 454 99 257 He 530 476 205 
30 447 85 250 510 463 179 136 
45 441 73 244 502264 450 153 123 2 
60 437 65 240 443 139 116 
90 434 59 237 087 494 248 60 438 129 111 
1200 432 55 235 — 436 125 109 


Expt. No. 8B. Temp. = 25°. Expt. No. 9a. Temp. = 25°. Expt. No. 98. Temp. = 15°.° 
0 541 276 265 3-33 549 397 . 152 10-0 494 280 214 48 
2 529 252 253 3-5 516 331 119 10-0 480 252 200 2-0 
4 519 232 243 2-8 495 289 98 9-8 469 230 189 43 
6 512 218 236 2-4 482 263 85 8-1 461 214 181 40 
8 507 208 231 2-1 473 245 76 8-6 455 202 175 “1 
10 503 200 227 2-4 466 231 69 0:0 450 192 170 3-2 
12 499 192 223 2-2 460 219 63 14 446 184 166 4-0 
15 494 182 218 18 454 207 57 7-8 440 172 160 3-6 
20 488 170 212 13 446 191 49 71 432 156 152 3-5 
30 481 156 205 1-4 436 171 39 5-8 421 134 141 9-5 
45 472 138 196 1-4 428 155 31 5-3 413 118 133 16 
60 465 124 189 0-63 423 26 568 409 4110 13 
90 460 114 184 0-45 ' 416 131 19 len, 403 98 123 15 
120 457 108 181 398 88 118 


Expt. No. 9c. Temp. = 25°, 


Time. p. Po, kx 10’. Time. Pro- po, 10". 

0 500 297 .203 52 15 439 175 142 3-8 
2 484 265 187 48 20 432 161 135 3-3 
4 472 241 175 4-9 30 422 141 125 3-8 
6 463 223 166 5-0 45 410 117 113 3-5 
8 456 209 159 4-9 60 403 103 106 2-8 
10 450 197 153 “7 90 395 87 98 2-6 
12 445 187 148 43 120 390 77 93 


adsorption of nitrosyl chloride, pre-treatment with this gas should in time completely mature a new vessel. 
Nitrosyl chloride, prepared from a mixture of sodium chloride and nitrosylsulphuric acid and condensed in an 
ice-salt mixture, was dried over calcium chloride and phosphoric oxide before being ihtroduced into the reaction 
vessel. New vessels were used for each of three experiments, since it is otherwise impossible to disentangle 
the inhibitions due to the introduced nitrosyl chloride and to the reaction products. After the gas had re- 
mained for a given time in the vessel, it was rapidly pumped out and the effect was determined by measuring 
the reaction velocity. The results were as follows. Expt. 9a: NOCI at 100 mm. for 1 day, k; = 10-0 x 10° 
at 25°, k, being low, about 1-0 x 10; expt. 98: NOCI at 100 mm. for 2 days, k, = 4-9 x 10-7 at 15°, 
k, = 1-6 x 10+; expt. 9c : NOCI at 350 mm. for 5 days, k, = 5-0 x 10-7 at 25°, k, = 1-7 x 10+. 

The effect of drying on the reaction was also studied. Phosphoric oxide was sublimed into the storage 
and the reaction vessel in a stream of dry oxygen, and after the addition of approximately 10 g. of the oxide to 
each vessel, the apparatus was sealed, and evacuated by the mercury-vapour pump. After 3 weeks’ drying, 
the storage vessels were filled with their respective gases, and after a further week’s drying the velocity of the 
reaction was studied. The reaction vessel used for the experiment was one which had been thoroughly aged 
over along period. It was found that the drying had caused all signs of inhibition to disappear. The velocity 
constant of the reaction under these conditions was 12-6 x 10-7 at 25° and 10-9 x 10°’ at 15°, the reaction 
obeying the termolecular law during the whole of the experiment. This result was somewhat unexpected, 
since drying generally inhibits a reaction. Addition of nitrosyl chloride to the reaction vessel a week before 
the reaction. produced no effect whatsoever. A possible explanation is that the inhibition is due to the adsorp- 
tion of the nitrosyl chloride on the water content of the glass surface. It is well known that the nature of a 
glass surface depends to a large extent: upon its composition and previous history, and in consequence, such 
surfaces are far from being reproducible; ‘therefore it is likely that different investigators will find differences 
of behaviour during the course of this reaction. The initial experiments of the presént work could easily have 
been taken as evidence that the reaction was of the homogeneous termolecular type: It was only after a few 
experiments had been performed that departure from the simple law was detectable! 

When a'‘surface adsorbs gas, the physical conditions’ determine whether attivated adsorption or van der 
Waals adsofption occurs. In the latter cise the heat of adsorption is small, the rate of adsorption high) and 

DD2 - 


If the assumption be correct that the inhibition is due to alteration of the state of the glass surface by 
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the adsorbed gas is readily removed from the surface; when activated adsorption occurs, all these effects are 
in the opposite sense. Both kinds of adsorption occur simultaneously to some extent in most experiments 
involving the adsorption of gases. 

The tenacity with which the nitrosyl chloride adheres to the surface, as well as the fact that the adsorption 
isotherm (deduced by assuming van der Waals adsorption) is incapable of quantitatively accounting for the 
results, indicates that in the present work, the inhibition is due to activated rather than to van der Waals 
adsorption. Such a view was tentatively put forward in the previous paper, in which it was assumed that 
the inhibition was due to a slow process of adsorption, thereby enabling an equation to be deduced which 
satisfactorily follows the course of the reaction. 

It is suggested that at the beginning of a series of experiments, the new glass surface contains a considerable 
amount of adsorbed water, which can in turn adsorb the nitrosyl chloride formed during the reaction, thereby 
causing inhibition. It is probable that the attachment of the nitrosyl chloride to the adsorbed water is of the 
chemisorption type and will take place slowly. Thus it is seen that, as experiment succeeds experiment, the 
adsorbed nitrosyl chloride increases, leading to increasing inhibition. Baking under vacuum will tend to 
drive off both the adsorbed water and nitrosyl chloride, but it is well known that the adsorbed water is most 
tenaciously held by glass, and therefore, such treatment is only partly effective in restoring reaction velocity, 
On the other hand, prolonged drying in a vacuum by phosphoric oxide is an extremely efficient method of re- 

. moving moisture from glass, and when this has been thoroughly achieved, the tendency for the nitrosyl] chloride 
to be adsorbed is removed, and the reaction becomes termolecular, inhibition disappearing. 

Trautz and Schlueter (Z. anorg. Chem., 1924, 136, 1) found that; according to whether a high concentration 
of chlorine or of nitric oxide was employed, the velocity constant increased or decreased towards the end of 
the reaction. Krauss and Saracini (Z. physikal. Chem., 1937, A, 178, 245) suggested that these fluctuations in 
the termolecular velocity constant were due to experimental error in estimating minute partial pressures towards 
the close of the experiment. This is probably the case, since in Trautz and Schlueter’s experiment 19c, they 
started with 79-9 mm. of nitric oxide, but the experimental figures show that at least 80-46 mm. were used 
during the experiment. The departure from the true termolecular conditions led Trautz and Schlueter to 
suggest that the reaction proceeded in two stages: NO + Cl, => NOCI,, followed by NOCI, + NO—> 2NOCI. 
The author has already pointed out that the argument supporting this contention is fallacious, and since their 
work probably involves experimental errors which account for their conclusions, it seems that this reaction 
mechanism is without valid support. In these circumstances, it is justifiable to suggest that the reaction 
mechanism may not bé very different from that of the nitric oxide-oxygen reaction, and this view was developed 
in the earlier paper. 

If the temperature coefficient of the reaction is calculated from the initial values of k obtained with new 
bulbs, then k,;./k,,. = 1-13; but if it is calculated from the initial values of k, obtained from reaction bulbs 
which give reproducible results, then k,,-/k,,- = 2-0. The former value is in good agreement with the values 
given by other workers, but it is obvious that the temperature coefficient is largely dependent upon the history 
of the reaction bulb. 

EXPERIMENTAL. 
The general procedure was the same as before, but the arrangement of the tensimeter was improved so as to increase 
the accuracy of the measurements. The new arrangement is shown in Fig. 2, the procedure being as follows. The 
reaction vessel, the tensimeter, and its jacket, and the ‘mano- 
. Fic. 2. Fic. 3. meter were all evacuated via the taps A and D. All the taps 
were closed except C, and one of the gases was then admitted 
Reaction 3S to the reaction vessel. The pressure in the tensimeter jacket 
vesse/ was adjusted by using tap D in order to return the needle to its 
null position. The correctness of the manometer reading was 
then checked by closing C and momentarily opening B. The 
lack of movement in the mercury manometer indicated correct 
pressure adjustment. This technique connects the reaction 
vessel to.the manometer only, and the volume of the latter 
was comparatively small. Hence any small movement of the 
mercury manometer does not introduce a serious error into the 
measurements. In ‘the earlier procedure, the jacket of the 
tensimeter was also connected to the reaction vessel and 
manometer, and since the jacket must possess ‘a considerable 
volume, the error due to any movement of the manometer 
would be more serious. ; 

The customary method of producing a spoon tensimeter is 
to blow a thin glass bulb about 1—1}” in diameter, and then 
to collapse one half of the bulb; gentle suction produces 4 
a n”’ with the two walls close together. A needle about 
18” long, movement of which is observed by a lens or telescope, 

is attached to the tip of the nm. A much better instrument 
is shown in Fig. 3. A thin bulb is blown so that its length 
| becomes twice its diameter (1}” arid #” respectively are suit- 


able). Half the bulb is collapsed as usual; glass is removed 
kg ae from the collapsed film until it is thin, and then a blowpipe 

oy) flame is played directly on to the film, which becomes very 
thin in the middle owing to surface tension thickening the glass towards the cooler'edge. It is advisable to stop this 
thinning process before dark patches (zero interference fringes) appear, otherwise the tensimeter becomes extremely 
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fragile. If the ‘‘ spoon” is examined, it will be found that gentle suction causes the tip B to move in the opposite 
direction to the thin membrane at D. A thin filament of glass is fused to the membrane at a point which produces the 
maximum movement (D). A U-piece of thin glass is attached to the tip B, a fine thread of glass stretched between the 
tips of the U being the suspension. The needle used is about 18” long, consisting of two filaments of glass bracing one 
another to produce enhanced rigidity. The needle is attached to the suspension, and an extension of the needle is 
attached to D. The movement of the needle is now due to the combined movements of B and D, a greater sensitivity 
than with the orthodox instrument thus being obtained. 

For the early work, the orthodox tensimeter was used having a needle movement of 1-2 mm. per 1 mm. of mercury 
pressure. It was broken early in the present work and replaced by the new type of tensimeter with a movement of 
2-1 mm. per 1 mm. of mercury. If these tensimeters are employed in conjunction with a telescope, accurate pressure 
readings can be obtained. However, in the persent work, the needle movement was observed by the unaided eye in order 
to make the observations more rapidly. 

The zero of these instruments was relatively unaffected by temperature change. A change of 5° had no detectable 
result on the zero of either instrument, and therefore it was possible to use them without a thermostat. It was noted, 
however, that when the spoon and its jacket were simultaneously evacuated, the zero shifted as the pressure was lowered, 
i.e., the null position depended on the pressure being measured. This difficulty was overcome by plotting the zero against 
the pressure. A curve was used for each instrument, and the zero checked before each experiment. 

n the present experiments, it was desired ‘to mix the gases in a definite proportion, irrespective of which gas was . 
first introduced into the reaction vessel. This necessitated some means of adjusting the pressure in the storage vessels, 
so that the final desired pressure in the reaction vessel could be attained automatically. For this purpose, a pressure 
adjuster, consisting of a bulb fitted with a three-way tap at the top and attached to a mercury reservoir at the bottom, 
was insérted into the nitric oxide gas train. The gas was drawn into the bulb at atmospheric pressure, and then released 
into the storage vessel until the required pressure, indicated by a mercury manometer attached to the vessel, was reached. 
py was always stored at atmospheric pressure, as in the previous work, owing to the difficulty of using mercury 
in this gas train. 

The apparatus was calibrated by using air in each storage vessel, so that the pressure adjustments necessary to 
attain given mixtures of the two gases could be determined. The first gas introduced into the reaction vessel can have 
its pressure in this vessel adjusted before mixing, by opening tap A if the préssure is to be lowered, and by introducing 
more gas from the train if it is to be raised. In the case of one set of storage and reaction vessels, it was found that if 
the gas in the reaction vessel introduced from the nitric oxide vessel was adjusted to 200, 300, or 400 mm., then admission 
of gas from the chlorine vessel,-initially at atmospheric pressure, would introduce a further 266, 220, or 170 mm. of gas, 
respectively. If the gas pressure in the reaction vessel was adjusted to 266, 220, or 170 mm. when gas was first intro- - 
duced from the chlorine vessel, then the pressure of gas in the nitric oxide vessel must be adjusted to 688, 851, or 1015 
mm, a ones in order to introduce 200, 300, or 400 mm. respectively of gas into the reaction vessel. The desired 
gas mixture could thus be attained at will. . / 

The reaction vessel was shrouded by a thin copper-foil canister, and the connecting tubes and top part of the tensi- 
meter carrying the spoon were wrapped in black paper in order to obviate photochemical reversal. About halfway 
through the work, the room was blacked out; the manometer and tensimeter needle were then observed by artificial light. 


Paces 2 ig the Research Fund ofthe Chemical Society which were used in carrying out this research are gratefully 
acknowledged. 


COLLEGE OF TECHNOLOGY, LEICESTER. (Received, September 30th, 1943.} 


105. An Interpretation of the Sandmeyer Reaction. Part V. The Comparative 
Behaviour of Cuprous, Cupric, and Ferric Chlorides as Catalysts. 
By -HERBERT H. HopcGson and Douctas D. R. SIBBALD. 


Nitrobenzenediazonium chloride has been decomposed over a range of hydrochloric acid concentrations 
with cuprous, cupric, and ferric chlorides as catalysts, and with cuprous and cupric chlorides together. With 
ferric chloride an almost pro ional decrease in yield of p-chloronitrobenzene occurs on dilution, whereas. 
cuprous chloride has one maximum at ca. 18-6% of acid and cupric chloride has maxima at 26-9% and 4%, the 
latter after the plot has crossed that for cuprous chloride. The curve for cuprous and cupric chloride in combin- 
ation approximates to a straight line. T results are discussed from the standpoint of the complex-anion 
theory. 


Hopcson, BIRTWELL, and WALKER (J., 1942, 72) observed that cupric chloride catalysed the decomposition 
of p-nitrobenzenediazonium chloride in somewhat dilute hydrochloric acid solution, and this unexpected 
result led to the present comparative investigation of the catalytic effects of cuprous and cupric chloride over a 
wide dilution range. ‘Ferric chloride was also included because of its efficiency in concentrated acid solution 
(cf. idem, this vol., p. 18). From the diagram, which shows the % yield according to the amount of water 
present, the plot for ferric chloride indicates an almost proportional decrease in yield with dilution, whereas 
that for cuprous chloride has a maximum at ca. 18-6% of acid (see Table I, a), and that for cupric chloride has 
maxima at 26-9% and 4% (see Table I, b), the latter after the plot has crossed that for cuprous chloride. When 
cuprous and cupric chlorides are used in combination (see Table II) the curve is approximately a straight line, 
the effect of the cuprous chloride being inappreciable at high dilutions; incidentally, the curve for the combin- 
ation is tangential to the peaks of the cupric chloride curve. 

The remarkable increase in activity of cupric chloride at 4% strength suggests the existence of a complex 
hydrated cupric chloride anion in which the chlorine is much more active than the bound water. This pre- 
ferential activity of the chlorine may be due to its actual distance from the copper being greater than that of the 
bound water, as in the known examples of crystalline K,CuCl,,2H,O (cf. Harker, Z. Krist., 1936, 98, 136; 
‘Chrobak, ibid., 1934, 88, 30; Hendricks and Dickinson, J. Amer. Chem. Soc., 1927, 49, 2149). The active 
amount of this complex would appear to be only slowly changed with increasing dilution. . ; 
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EXPERIMENTAL. 


General Proceduve.—The p-nitroaniline was diazotised in concentrated hydrochloric acid by addition of solid sodium 
nitrite, and the mixture kept for 30 mins. 
tables, and the reaction carried out by 30 mins.’ boiling under reflux. The p-chloronitrobenzene formed was removed by 
steam distillation, dried, and weighed. The mode of additiédn of the salts was as follows: cuprous chloride (4 g.) 
immediately after the addition of water; hydrated cupric chloride (6-9 g.) in aqueous solution whenever the amount of 
water to be added was sufficient for its dissolution; hydrated ferric chloride (10-8 g.) just prior to the addition of water. 


100 


Percentage yield of p-chloronitrobenzene. 


Amounts of water and of metallic salts were then added as indicated in the 


HCl. 


50 c.c. 


25 c.c. 


b 
c 


TABLE I. 


Water present (c.c.). 


CuCl CuCl, 


240 


280 


HCl. 


50 c.c. 25 c.c. 


D 
E 


d 
e 


Yield of p-chloronitrobenzene, expressed in g. and %, for the various salts and the blank. 
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TABLE II. 


Cuprous and cupric chlorides in combination. Procedure as before, but with cuprous chloride (2-0 g.) and 
hydrated cupric chloride (3-45 g.). . 


With 50 c.c. of HCl (d 1-16). With 25 c.c. of HCl (d 1-16). 
H,O ho Cl-C,H,NO H,O ho p-Cl-C,Hy NO H,O p-Cl-C,H,-NO. 
p- . . 
added, present, formed, added, present, formed, added, present, formed, 
CLs g. g. %. Gc. g. g. %. ce. g. g. %. 
Nil 38- 3-0 96 Nil 19-7 3 94 150 169-7 2-75 86 
40 78-7 3-0 94 50 69-7 2-9 91 200 219-7 2-5 78 
100 138-7 2-9 91 100 119-7 2-8 88 250 269-7 2-3 72 


The authors are indebted to the Charles Brotherton Trust for a Research Scholarship to one of them (D.D.R.S.), © 
and to Imperial Chemical Industries Ltd. (Dyestuffs Division) for the gift of p-nitroaniline. 
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106. Evidence for the isoNitrile and Nitrile Structures of Hantzsch’s Aryl 
syn- and anti-Diazocyanides. 
By HersBert H. Hopcson and Ewart MARSDEN. 


Hantzsch’s aryl syn- and anti-diazocyanides exhibit differences of chemical reactivity which are accounted 
for by isonitrile and nitrile structures, 1.e., the presence of N-N and N-C bonds in the molecule. Analogy 
between the syn-cyanides and isocyanates is found to be very close. The conversion of the non-coupling 
p-nitrobenzenediazocarbonamide (with its stable C-N bond) by reaction with bromine into an N-bromocarbon- 
amide, which will then couple with a- or 8-naphthylaminein non-aqueous media, as also with B-naphthol in aqueous- 
alcoholic and alkaline solution, indicates that the Hofmann reaction has occurred, and that the resulting inter- 
mediate diazocyanate with its easily ruptured N-N bond will now couple. The formation of syn-cyanides in 
mineral acid medium finds a parallel in the formation of diazoamino-compounds in acid media of similar strength. 
The ready rupture of the N-N bond is in accord with chemical experience generally. 


It was obvious when Hant&th put forward his stereochemical views on the diazohydroxides, diazosulphonates, 
and diazocyanides, that the great and many chemical differences between the syn- and anti-compounds were 
not readily accounted for by mere differences of configuration in space which the fallacious comparison of these 
compounds with the stereoisomeric oximes had involved. According to Sidgwick (‘‘ The Organic Chemistry 
of Nitrogen,’’ Clarendon Press, Oxford, 1937, p. 418), the strongest evidence for Hantzsch’s point of view was 
derived from the study of the diazosulphonates and diazocyanides, and this is to be found in “ Die Diazo- 
Verbindungen ’’ (Hantzsch and Reddelien, 1921), in ‘“‘ The Chemistry of the Diazo-Compounds and Their 
Technical Applications ’’ (Saunders, 1936), and in papers by Le Févre and Vine (J., 1938, 431) and by Stephen- 
son and Waters (J., 1939, 1796). 

Recently, however, it was shown by Hodgson and Marsden (J., 1943, 470) that Hantzsch’s syn- and anti-diazo- 
sulphonates are not geometrical but structural isomers, viz., diazosulphites and diazosulphonates, respectively, 
and such a result calls for a re-examination of the position with respect to the syn- and anti-diazocyanides, 
despite the apparent confirmation of the stereochemical theory for the structures of these compounds by recent 
data from dipole-moment measurements (cf. Le Févre and Vine, Joc. cit.). 

Stephenson and Waters (Joc. cit.) ascribe the great chemical reactivity of the syn-cyanides in ionising solvents 
to their partial ionisation, and it is noteworthy that in certain of their decompositions the odour of isonitriles 
is prevalent. This last fact indicates that the cyanide ion can form.a covalent union at its nitrogen atom, and 
therefore it is reasonable to infer that a like combination can occur between the nitrogens of the cyanide and 
the diazonium ions when a diazonium salt is treated with potassium cyanide in slightly acid solution. Actually, 
the addition always results in the formation of a yellow compound initially, which, if the reaction is conducted 
below —5° persists and the yellow syn-cyanide results, whereas if the temperature is above 0° the yellow 
colour quickly changes through yellow-orange to orange-red and then to red when the stable anti-cyanide is 
formed. In some cases, such as those of.o- and p-chloro- and p-bromo-aniline, mixtures of syn- and anti- 
diazocyanides are formed above 0° but complete isomerisation takes place when Le Févre and Vine’s procedure 
is followed (loc. cit.). These experiments support the view of these authors that the syn-cyanide is first produced, 
followed by conversion into the anti-isomeride. 

One of the difficulties attending the acceptance of the stereoisomerism of the syn- and anti-diazosulphonates 
was the ease of coupling of the syn-compounds, i.e., the ease of rupture of the bond between the diazo-nitrogen 
and the —SO,Na group in the syn-, and its impossibility under reasonable conditions in the anti-configuration. 
This difficulty is insurmountable if N~S bonds are postulated in both cases, but the problem receives immediate 
solution when the difference between the isomerides is ascribed to the ready rupture of an N-O bond in the 
syn- and the non-rupture of an N-S bond in the anti-compound. Complete analogies were to be found in the 

labile diazo-oxides and the stable diazo-sulphides. A similar difficulty arises when a C-N bond is postulated 
for both syn- and anti-diazocyanides, whereas the chemical evidence receives adequate explanation when the 
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syn-compounds are held to possess the readily ruptured N-N bond, and the anti-diazocyanides the stable C-N 
link. Further, the difference in bond energies between these two links is 28 kg.-cals./mol. (cf. Pauling, ‘‘ The 
Nature of the Chemical Bond,” 1940, p, 53), which is of the same order as the 21—22 kg.-cals./mol. reported 
for the heat of transformation of p-bromobenzene-syn- into -anti-diazocyanide (Le Févre and Vine, loc. cit.). 
Also, Stephenson and Waters’s experiments (loc. cit.), in which the syn-cyanide instantly reacts with silver 
nitrate, find a parallel in the formation of Prussian-blue when the syn-cyanide (but not the anti-cyanide) is 
treated successively with sodium hydroxide, ferrous sulphate, hydrochloric acid, and ferric chloride. Analogies 
are to be found of the readily ruptured N-N link in the diazoamino-compounds and in the transformations of 
hydrazo-compounds into benzidines and semidines. The fact that the syn-cyanide requires to be formed in 
weakly acid solution also finds a parallel in the care with which diazotisation must be conducted, even in mineral 
acid solution, in order to avoid formation of diazoamino-compounds which have comparable, and in the case 
of pp’-dinitrodiazoaminobenzene superior, stability to the n:Ganeegenies in mineral acid of similar 
concentration. 

Temperature appears to be of prime importance in bringing about the transformation of syn- into anti- 
diazocyanide, which takes place fairly rapidly with the p-nitro- and the p-chloro-benzene derivative, even in 
ethereal solution at about 0°. 

When the o- and p-chloro-, o- and p-bromo-, and p-nitro-syn- and -anti-benzenediazocyanides are treated 
with methylmagnesium iodide in dry ether, orange-red complexes are formed, the anti- having a deeper red 
colour than the syn-complex, and subsequent decomposition of these complexes by iced 2N-sulphuric acid gives 
acetaldehyde from the syn- but not from the anti-complexes. To ensure that no syn-diazocyanide remained. 
unisomerised in the experiments with the anti-compounds, since o-chloro- and o-bromo-benzene-syn-diazo- 
cyanides isomerise slowly, all the isomerisations were separately carried out in benzene solution according to 
Le Févre and Vine’s directions (loc. cit.) before reaction with the Grignard reagent in dry ethereal solution. 
The yields of acetaldehyde, as determined by the 4-nitro- and the 2 : 4-dinitro-phenylhydrazones, were of the 
order of 20%, and we are of opinion that some isomerisation of syn- to anti-compound takes place before the 
formation of the complex since the anti- appeared to be formed rather more rapidly than the syn-complexes. 
Ths reaction with the Grignard reagent finds an analogy in the isonitriles, which also give aldehydes under like 
conditions (cf. Sidgwick, op. cit., p. 319), but the anti-diazocyanides when treated with phenylmagnesium 
bromide yield eventually considerable amounts of carbylamine, which suggests that the initial complex may be 
a mixture and contain a component of structure NR‘N-C(MgBr):NPh, which in the subsequent decomposition 
might be expected to give phenyl isonitrile. On analogy also, the m. p.’s of the syn-diazocyanides are lower 
than those of the anti-isomerides and so correspond with the lower b. p.’s of the organic isocyanides than of the 
isomeric nitriles, and the ready ability of the syn-diazocyanides to form double compounds with metallic 
cyanides finds a parallel in the similar double-cyanide formation by organic isocyanides. This property of 
forming double cyanides is lacking in the anti-diazocyanides. The course of the Grignard reactions with the 
syn-diazocyanides would therefore appear to be best represented by the following sequence of stages based on 
the assumption of an isonitrile structure : 

C,H,R-N:N-Nic + MgIMe —> C,H,R-N:N-N:CMe-MglI C,H,R-N:N-N:CHMe CH,CHO 

The ease of resonance of the non-polar nitrile structure has been pointed out by Stephenson and Waters (loc. 
cit.) as comparable with that of azobenzene, and this is shown by the deep red colour of the anti-diazocyanides 
which is similar to that of azobenzene, whereas the presence of the dipolar isonitrile group in the syn-diazo- 
cyanide, with the consequent electronic strain imposed on the molecule, would account for the yellow colour 
of these compounds when formed initially. We suggest that the orange colours reported for the solid syn- 
diazocyanides provide evidence that a certain amount of isomerisation has taken place, a circumstance perhaps 
reflected in their low m. p.’s. Such isomerisation is so prone to take place, particularly in those compounds 
on which Hantzsch based his theory, that he must always have been dealing with a mixture of the two 
isomerides as in the case of his syn-diazosulphonates. 

The ease of rupture of the N-N bond is also shown in the facile coupling of the diazoisocyanates, NR:N-NCO. 
Both syn- and anti-p-nitrobenzenediazocyanides on hydrolysis give the same diazocarbonamide (Hantzsch and 
Schulze, Ber., 1895, 28, 666), NO,-C,H,-N-N-CO-NH,, which is a relatively stable substance and does not 
couple with alkaline §-naphthol, thereby indicating the resistance to rupture of the C-N bond. When, however, 
this carbonamide is treated with bromine in a dry, neutral solvent such as chloroform or benzene, or in glacial 
acetic acid, an orange-red substance is precipitated, which is probably a perbromide since it rapidly loses 
bromine in the air, and changes to a comparatively stable yellow substance whose analysis and chemical 
behaviour correspond to NO,°C,H,*N:N-CO-NHBr,HBr. This N-bromocarbonamide when added to a solution 
of a- or 8-naphthylamine in chloroform or benzene rapidly couples to give p-nitrobenzeneazo-«- or -8-naphthyl- 
amine, but will not do so with a chloroform or benzene or absolute alcoholic solution of 8-naphthol. If, how- 
ever, aqueous-alcoholic 8-naphthol is employed, and of course alkaline 6-naphthol, coupling occurs at once to 
give p-nitrobenzeneazo-f-naphthol. 

The mechanism of the naphthylamine couplings with the N necdnacatbonainkis undoubtedly involves that 
of the well-known Hofmann rearrangement (Ber., 1882, 15, 407), whereas the coupling with 8-naphthol requires 
intermediate hydrolysis of the N-bromocarbonamide to the hydroxamic acid, NO,-C,H,‘N:N-CO-NH-OH, 


fol 
in 
an 
po 
il 
ha 
th 
wi 
be 
su 
Be 
po 
ne 
de 
et 

th 
for 
an 
of 
sy 
fo 
le. 
al 
¥ be 
& ar 
(3 
of 
be 
is 


[1944] Nitrile Structures of Hantzsch’s Aryl syn- and anti-Diazocyanides. 397 


followed by the Lossen rearrangement (Amnalen, 1872, 161, 347). In both cases the formation of a diazoiso- 
cyanate with its weak N-N link must precede coupling. The fact that the naphthylamine couplings take place 
in a medium where hydrolysis is precluded, affords evidence against the diazonium ion coupling theory of Wistar 

and Bartlett (J. Amer. Chem. Soc., 1941, 63, 413) and Hauser and Breslow (ibid., p. 418), and in favour of the 
polarisation theory (cf. Hodgson, J: Soc. Dyers Col., 1942, 58, 228). It is of interest that both acetamide 
(Hofmann, loc. cit.) and benzamide (Laurent, Gmelin’s ‘** Handbuch der Organischen Chemie,’ 1848—1870, 3, 
115) form labile compounds with bromine without apparent replacement of hydrogen, whereas such replacement 
has undoubtedly occurred in the p-nitrobenzenediazo-N-bromocarbonamide, since free bromine is not evolved 
from. it, whereas it reacts with water partly to regenerate the unbrominated carbonamide and partly to form 
the hydroxamic acid which undergoes the Lossen rearrangement and so gives a compound, viz., the isocyanate, 
which has coupling properties. In addition, a labile compound with bromine, such as those described by 
Laurent and Hofmann, could hardly be expected to couple with §-naphthol in aqueous alcohol. Further 
evidence of the reactivity of the diazoisocyanates is afforded by the formation of 4: 4’-dinitrodiazoamino- 
benzene when neutral p-nitrobenzenediazonium sulphate is treated with potassium cyanate and the mixture 
kept overnight, the almost quantitative yield indicating that the p-nitrobenzenediazoisocyanate first formed 
must have decomposed intermediately to give p-nitroaniline which has then reacted with unchanged diazonium 
sulphate to give the diazoamino-compound. , That an isocyanate is formed has an analogy in the production 
of phenyl isocyanate when. benzenediazonium salts react with potassium cyanate (Gattermann and Canzler, 
Ber., 1890, 28, 1225; 1892, 25, 1086), and in the striking fact that only the isocyanates are known of the two 
possible series of esters of cyanic acid. All our attempts to isolate a diazocyanate or isocyanate by treating 
neutral p-nitrobenzenediazonium chloride with potassium or silver cyanate were frustrated by the facile 
decomposition of the resulting diazo-compound. An attempt to crystallise the N-bromocarbonamide from 
ethyl alcohol afforded p-bromobenzene, showing that the hot alcohol had brought about the Hofmann re- 
arrangement, and that the resulting diazoisocyanate had reacted with the liberated hydrobromic acid in the 
usual manner. 

An explanation of Pieroni’s coupling reactions (Gazzetia, 1922, 52, ii, 32) with his so-called azoxycarbon- 
amides may be afforded by the above data, viz., that the azoxycarbonamides, which were prepared from 
the diazocarbonamides by oxidation with hydrogen peroxide, are really the isomeric hydroxamic acids of 
formula NR°N-CO-NH-OH and not NR:N-CO-NH,, and that with alkaline 8-naphthol they undergo the Lossen 
rearrangement with ‘subsequent coupling of the diazoisocyanate and the 8-naphthol; hydrolysis of the iso- 
cyanate may of course take place before coupling, although direct coupling is recorded above in non-hydrolytic 
solvents. Incidentally, Oliveri-Mandala (Gazzetta, 1922, 52, i, 107) found that the oxidation of benzamide and 
toluamide by hydrogen peroxide gave the corresponding hydroxamic acid. 

The great reactivity of the syn-diazocyanides is paralleled by the action of pyridine in promoting the coupling 
reaction (see numerous patents). One type of an azo-dye is made by coupling a diazo-compound with an 
aminonaphthalene, diazotising the amino-compound, coupling again, and so building up a chain of aromatic 
nuclei united by azo-links. This process cannot be continued indefinitely owing to the decreasing stability of 
the ever-enlarging diazo-compound, and difficulties are encountered which increase after the third repetition 
of the cycle. It would appear that the promoting action of the pyridine, whereby the above chain can be 
extended, is due to its reaction with the diazo-compound (a), an acetate in the usual examples, with formation 

of a kation (b), which will temporarily prevent decomposition of 

ti 3 aN the unstable diazo-compound, but which, having like adjacent 
R—-N= —6-c0-cH, R-N=N— > charges (cf. Pauling, op. cit., pp. 109, 210), will subsequently 
4 O-CO-CH, decompose in contact with a molecule of the second amino-com- 
ponent to give an azo-compound. The ease and mechanism of 

(b.) coupling of the syn-diazocyanides which occurs in chloroform or 

alcoholic solution with a-naphthylamine or $-naphthol can also be 

attributed to te like adjacent charges, on the assumption vat the 


syn-diazocyanides have the isonitrile structure, NR=N—N=C:. 

Conclusions.—(1) Hantzsch’s stereo-formulation of the aryl syn-diazocyanides will not explain (a) the 
formation of complexes with methylmagnesium iodide or phenylmagnesium bromide, in dry ethereal solution, 
leading eventually on hydrolysis to acetaldehyde and benzaldehyde, respectively, and the non-formation of an 
aldehyde with corresponding reactions of the anti-isomerides; (b) ionisation; (c) the ease with which the link 
between the diazo- and the cyanide group is ruptured in non-ionising solvents and also in coupling with 
a-naphthylamine and $-naphthol in chloroform and alcohol; (d) the great difference in colour, indicating strain 
in the syn-compound such as the presence of a dipole would confer; (e) the contrasting great stability of the 
anti-isomerides. 

(2) Hantzsch’s formulation of the anti-diazocyanides is correct and in accord with electronic demands. 
(3) The parallel behaviour of the diazoisocyanates and the syn-diazocyanides is explained by the easy rupture 
of an N-N link, whereas the stability of the anti-diazocyanides and the diazocarbonamides is due to the resist- 
ance to rupture of a C-N link. (4) The colours of both syn- and anti-diazocyanides indicate covalent links 


between the diazo- and the — N==C: and —-C=N: groups, respectively. (5) The ease of rupture of the N-N link 


is in accord with Pauling’s theory of adjacent charges and of the inferior strength of the N-N compared with the © 
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C-N link. (6) Chemical reactions in general are entirely in favour of Orton’s view (J., 1903, 83, 796) that the 
syn- and anti-diazocyanides are the diazoisonitriles and diazonitriles respectively. 

(7) Le Févre and Vine’s dipole-moment data (loc. cit.), which, with suitable assumptions, have been shown 
to support Hantzsch’s views on the stereoisomerism of the syn- and anti-diazocyanides, are, in a broad quali- 
tative way, not really antagonistic to the structural formulation. Since the halogenobenzene-anti-diazo- 
cyanides have greater resultant dipole moments than their syn-isomerides, this can be held to indicate a sub- 


+ 

tractive effect when the —-C=N: group is changed to the —-N=C: group; when, therefore, the halogen is 
replaced by the nitro-group, as in the p-nitrobenzene-syn- and -anti-diazocyanides, with consequent reversal in 

' sign of the mesomeric dipolar halogen to that of the dipolar nitro-group, a change in resultant effect in favour 

of the syn-isomerides is to be expected. Resonance will probably account for numerical details. 


EXPERIMENTAL. 


syn-Diazocyanides were prepared from o-chloro-, p-chloro-, o-bromo-, p-bromo-, and p-nitro-anilines by the procedure 
of Le Févre and Vine (loc. cit.), the temperature being kept at —10°. Above —5°, isomerisation appears to occur in all 
cases to a certain extent. The drying procedure before the treatment with the Grignard reagent was that described by 
Stephenson and Waters (loc. cit.). Isomerisation of the syn- to the anti-diazocyanides was carried out in benzene solution 
according to Le Févre and Vine (Joc. cit.). a 

Reaction of the syn- and anti-Diazocyanides with Methylmagnesium Iodide.—A solution of the diazocyanide (0-02 g.- 
mol.) in dry ether was added gradually at 0° to methylmagnesium ‘iodide (0-02 g.-mol.) prepared in dry ether. The 
orange complex was formed immediately, and after being kept at 0° for 15 mins., the mixture was boiled for 15 mins., 
cooled, and decomposed by 2n-sulphuric acid containing ice. The layers were separated, and the ethereal portion 
extracted several times with water, the extracts being added to the sulphuric acid portion; this mixture was filtered 
and treated (a) with 2: 4-dinitrophenylhydrazine dissolved in 2N-sulphuric acid or (6) with 4-nitrophenylhydrazine 
hydrochloride dissolved in water. The resulting hydrazones from the syn-compounds were dried and weighed, then 
crystallised and identified as the hydrazone of acetaldehyde. -Nitrobenzene-syn- and -anti-diazocyanides were also 
brought into reaction with phenylmagnesium bromide, and the benzaldehyde obtained from the syn-compound identified 
by conyersion into the 2 : 4-dinitro- and 4-nitro-phenylhydrazones. The yields of acetaldehyde were about 20% on the 
weight of the syn-diazocyanide taken. 

Bromination of p-Nitrobenzenediazocarbonamide.—A solution of the carbonamide (1 g.) (prepared according to Hantzsch 
and Schulze, Joc. cit.) in glacial acetic acid (25 c.c.) was kept at 0—5° and treated with bromine (3 g.); at higher temper- 
atures nitrogen was evolved immediately. After 2 hours, the crystaHine, orange-red product, which had separated in 
needles, was filtered off, washed with chloroform, and dried on filter-paper. Bromine was evolved, and, after its cessation, 
a yellow crystalline compound remained (1-3 g.) which appeared to be the Aydrobromide of p-nitrobenzenediazo-N-bromo- 
carbonamide, m. p. ca. 81° (decomp.) (Found: Br, 45-5. C,H,O,;N,Br,HBr requires Br, 45-2%). The same sequence of 
products was obtained by bromination in chloroform. This N-bromocarbonamide (1 g.), when suspended in cold water 
(30 c.c.) and aerated for 1—1} hours, regenerated some of the original p-nitrobenzenediazocarbonamide (0-2 g.), which 
was filtered off; when the filtrate was added to alkaline B-naphthol, -nitrobenzeneazo-f-naphthol was precipitated. 
The coupling reactions of this N-bromocarbonamide are described on p. 396. When the N-bromo-compound (1 g.) was 
decomposed in the cold with 20% aqueous sodium hydroxide (20 c.c.), an immediate darkening in colour occurred with 
rapid evolution of nitrogen and carbon dioxide; the solution on acidification with acetic acid gave 4: 4’-dinitrodiazo- 
aminobenzene (0-25 g.), m. p. after recrystallisation from alcohol, and mixed m. p. with authentic specimen, 226° (Found : 
N, 24-5. Calc.: N, 244%). 

A New Preparation of 4: 4'-Dinitrodiazoaminobenzene.—p-Nitrobenzenediazonium sulphate (2 g.) was dissolved in 
water (7 c.c.), and the filtered solution mixed at 0° with powdered potassium cyanate (0-8 g.); an immediate evolution 
of nitrogen and carbon dioxide took place together with some lachrymatory substance, doubtless p-nitrobenzene iso- 
cyanate. After the mixture had been kept for one hour, the light yellow precipitate of 4: 4’-dinitrodiazoaminobenzene 
(1-7 g.) was filtered off and crystallised from alcohol; m. p. and mixed m. p. with authentic specimen, 226°. 


The authors thank Imperial Chemical Industries Limited (Dyestuffs Division) for gifts of chemicals. 
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107. The Preparation and Diazotisation of p-Aminomonomethylaniline. 
By HERBERT H. Hopcson and Ewart MARSDEN. 


Hantzsch’s failure to diazotise p-aminomonomethylaniline was apparently due to the presence of p-phenylene- 
diamine in his initial material, which originated from the fission of the methyl group during the reduction of 
p-nitrosomonomethylaniline in acetic acid solution. A new method of reduction with iron and ferrous ammonium 
sulphate (or ferrous sulphate) in neutral solution is now described, in which the rupture of the methyl group has 
been avoided, and this method has proved to be of general service. The p-aminomonomethylaniline when treated 
with nitrous acid is first diazotised and subsequently nitrosated at the methylamino-group. 


Hantzscu (Ber., 1902, 35, 896) stated that p-aminomonomethylaniline cannot be diazotised (cf. also Ayling, 
Gorvin, and Hinkel, J., 1941, 614), and Saunders (‘‘ The Aromatic Diazo-Compounds and their Technical 
Applications,”’ E. Arnold & Co., London, 1936, p. 63) accepts this report in a discussion on the influence of sub- 
stituents on the stability of diazonium compounds, concluding that a monoalkylamino-group in the para-position 
to the diazo-group will decrease the stability of the diazotised amine to such an extent that it decomposes as a 
primary aliphatic amine does when treated with nitrous acid. 

In D.R.-P. 154,336 (cf. A., 1904, 1063) the diazotisation of p-aminomonoalkylanilines in general, and of the 
methyl compound in particular, was reported, but it was accompanied by nitrosation at the p-alkylamino- 
group, since,2 mols. of nitrous acid were employed per mol. of the p-aminomonoalkylaniline taken; the p-diazo- 
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derivative of the nitrosoamine formed, coupled. normally with 1 : 8-dihydroxynaphthalene-3 : 6-disulphonic 
acid in the presence of sodium hydroxide, carbonate, or acetate. This patent was apparently overlooked by 
the above authors. | 

It is not stated in the patent how the p-aminomonomethylaniline was prepared, but Hantzsch, who made it 
by reduction of p-nitrosomonomethylaniline with zinc and acetic acid, reported that his attempted diazotisation 
of it only resulted in a vigorous evolution of nitrogen. When Hantzsch’s directions for the preparation of 
p-aminomonomethylaniline were followed, however, a copious evolution of methyl acetate was obtained, and 
similar reductions by metals and acids, of both p-nitroso- and p-nitro-monomethylaniline, always resulted in a 
partial expulsion of the methyl group with formation of p-phenylenediamine. The latter compound has recently 
been reported as a catalyst for the decomposition of diazonium salts. Golossenki (Chem. Zentr., 1937, 108, IT, 
112) determines these by decomposing them in the cold with p-phenylenediamine, an operation requiring 
510 mins. This observation has been confirmed by us, and we also attribute the loss in yield of dye, when diazo- 
compounds are coupled with m-phenylenediamind containing the o-isomeride as impurity, to a similar catalytic 
decomposition. 

We find that fission of the methyl group may be avoided by reducing p-nitroso- or p-nitro-monomethyl- 
aniline in neutral suspension in boiling water with iron powder (preferably as pin dust), and with a small amount 
of ferrous ammonium sulphate (or ferrous sulphate) present; reduction takes place smoothly with passage of 
p-aminomonomethylaniline into solution, where, when it is treated with nitrous acid, none of the frothing 
and decomposition described by Hantzsch is experienced. 

In the patent (/oc. cit.) no indication is given as to whether diazotisation precedes nitrosation or vice versa, 
or whether both occur simultaneously, and it is now established that diazotisation precedes nitrosation, since 
when Iess than 1 equiv. of sodium nitrite is employed only diazotisation occurs. This fact was established by 
adding the diazo-mixture to excess of dilute sodium hydroxide, filtering off the precipitated excess of p-amino- 
monomethylaniline, and then coupling the diazo-hydroxide left in the filtrate with ®$-naphthol to form 
p-N-methylaminobenzeneazo-8-naphthol, which was shown to be identical with the compound prepared by 
hydrolysis of authentic p-N-acetomethylamidobenzeneazo-$-naphthol. Also, when the solution of p-amino- 
monomethylaniline in dilute sulphuric acid was treated with less than 1 equiv. of sodium nitrite, followed by 
potassium iodide, p-iodomonomethylaniline was formed, but owing to difficulties of crystallisation it was con- 
verted by treatment with nitrous acid into the readily crystallisable p-iodo-N-nitrosomethylaniline. Similarly, 
when deficiency diazotisation was carried out in hydrochloric or hydrobromic acid and followed by the corre- 
sponding Sandmeyer reaction, p-chloro- and p-bromo-monomethylanilines were formed, respectively, and, being 
liquids, were converted into the solid N-nitroso-compounds for identification. Gerierally, the N-nitrosated 
unlike the free N-methylamino-compounds crystallise well from the ordinary solvents. 

Since p-aminomonomethylaniline can be diazotised independently of attendant nitrosation, the theoretical 
arguments developed by Saunders e¢ al. (loc. cit.) based on non-diazotisation become invalid. It was to be 
anticipated that diazotisation would precede nitrosation, since both processes can be regarded from one stand- 
point as involving condensation of the hydroxyl group of the nitrous acid with hydrogen, and the electron- . 
repelling methyl group would tend to bind the condensing hydrogen of the methylamino-group more firmly 
than the corresponding hydrogen in the unsubstituted amino-group. ‘ 

The reduction method referred to above is to be preferred for general purposes to the ordinary Béchamp 
. process with iron and dilute acid, especially as the very objectionable odours inseparable from the latter 
procedyre are avoided. 


EXPERIMENTAL. 


_ Reduction of p-Nitromonomethylaniline.—A mixture of the nitro-compound (3 g.), pin dust (10 g.), and ferrous ammon- 
ium or ferrous sulphate (1 g.) was boiled with water (100 c.c.) under reflux for one hour, ammonia (1 c.c., d 0-88) added to 
precipitate iron, and the solution filtered. The almost colourless hot filtrate darkens on exposure to air, but deposits 
leaves of white p-aminomonomethylaniline in an atmosphere of carbon dioxide, m. p. 35-5° (Willstatter and Pfannenstiehl, 
Ber., 1905, 38, 2269, give m. p. 355°) (Found: N, 23-1. Calc.: N, 22-95%). The solution was coloured an intense 
red by a trace of ferric chloride but was then decolorised by hydrochloric acid, to be subsequently turned blue by addition 
of hydrogen sulphide water. The picrate was formed when the hot solution of the base (pre as above) was filtered 
into a saturated solution of picric acid in water or alcohol; it crystallised from ethyl alcohol in long, slender, yellow 
parallelepipeds, m. p. 206° (Found: N, 20-1. C,,;H,,;0,N, requires N, 19-9%). The period of one hour required for 
complete reduction in this example may have to be altered for other nitro-compounds. 4 
veparation ‘of p-N-Methylaminobenzeneazo-B-naphthol.—p-Nitro-N-methylacetanilide (4 g.) was reduced as above, 
and the filtered solution of the p-amino-N-methylacetanilide acidified with hydrochloric acid (20 c.c., d 1-16), diazotised, — 
the solution of the diazonium compound run into alkalin€ £-naphthol, and the precipitated p-N-acetomethylamidobenzene- 
azo-8-naphthol removed; it crystallised from 50% aqueous pyridine in red plates, m. p. 139° (Morgan and Grist, J., 
1918, , 691, give m. p. 139°) (Found: N, 13-1. Calc. : -N, 13-1%), which gave a blue-red colour with concentrated 
sulphuric acid that changed to a reddish-scarlet on dilution with water. This acetyl compound was hydrolysed by 
2 hours’ boiling with a solution of hydrochloric acid (1 part, d 1-16) and ethyl alcohol (2 parts), then filtering it hot; 
the filtrate on cooling deposited the hydrochloride of Bo vise ye FO hol in red micro-plates, m. p. 
197—202° (Found : N, 13-6; HCl, 11-6. C,,;H,,ON,;,HCI requires N, 13-4; HCl, 11-6%). This salt on boiling with 50% 
aqueous pyridine gave the base, which separated from the filtered solution on cooling in deep blue-black, spear-like 
crystals, m. p. 123° (Found: N, 15-3. C,,H,,ON, requires N, 152%), and gave a bluish-red colour with concentrated 
sulphuric acid which changed through scarlet and orange to yellow on dilution with water. 
Preparation of p-N-Nitrosomethylaminobenzeneazo-B-naphthol.—A solution of p-aminomonomethylaniline (prepared 
as above) was acidified by either hydrochloric or sulphuric acid and then treated with just more than 2 equivs. of sodium 
nitrite; the excess nitrous acid was removed. by urea, and the mixture then stirred into alkaline B-naphthol; p-N-nitroso- 
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methylaminob eazo-B-naphthol was precipitated, removed, and dissolved in boiling pyridine, from which it separated 
on cooling in red, spearlike needles, m. p. 178° (Found: N, 18-5. C,,H,,O,.N, — N, 18:3%), which gave a brilliant 
- red-violet colour with concentrated sulphuric acid, changing through reddish-yellow to pink on dilution with water. 

Experimental Proof that p-Aminomonomethylaniline when treated with Nitrous Acid was diazotised before being nitrosated., 
—The aqueous solution obtained by the reduction (as above) of p-nitromonomethylaniline (6 g.) was added to iced hydro- 
chloric acid (20 c.c., d 1-16), and the mixture treated gradually at 0° with an aqueous solution of sodium nitrite (1-0 g.). 
The nitrite (now much less than 1 equiv.) reacted at once, and no positive test could be obtained with starch—potassium 
iodide paper. The solution was then stirred into excess of 10% aqueous sodium hydroxide and filtered immediately 
from ‘the precipitated -aminomonomethylaniline; the filtrate was stirred into alkaline -naphthol, and p-N-methy]- 
aminobenzeneazo-f-naphthol was precipitated, removed, and crystallised from 50% aqueous pyridine, being obtained 
in deep blue-black, spearlike crystals, m. p. and mixed m. p. with the authentic compound above, 123° (Found: N, 
15-3%). This precipitate was redissolved in mineral acid, treated with excess of sodium nitrite, and the solution run 
into alkaline -naphthol; -N-nitrosomethylaminobenzeneazo-f-naphthol separated and crystallised as above, m, p. 
and mixed m. p. with previous specimen, 178° (Found: N, 18-4%). 

Three separate solutions (a), (b), and (c) were prepared as above by deficiency diazotisation and removal of unreacted 
p-aminomonomethylaniline; (a) and (b) were given Sandmeyer fteatment to obtain the steam-volatile »-chloro- and 
p-broma-monomethylanilines respectively; (c) was acidified with the necessary amount of sulphuric acid and the 
solution treated with aqueous potassium iodide, whereupon crude p-iodomonomethylaniline was precipitated, but as it 
proved difficult to crystallise owing to the separation of iodine, it was converted by nitrous acid into p-iodo-N-nitroso- 
methylaniline, which readily crystallised from 50% aqueous pyridine or light petroleum in long, colourless needles, m. p. 
112° (Found: N, 10-8; I, 48-3. C,H,ON,I requires N, 10-7; I, 48-4%$, and gave the Liebermann nitroso-reaction. 


The,authors thank Imperial Chemical Industries Ltd., Dyestuffs Division, for gifts of chemicals. 
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108. A Method of Nuclear Methylation of Phenolic Substances. —~ 
By (Miss) M. G. Barcray, A. Burawoy, and G. H. Tuomson. 


A method of nuclear methylation of phenolic substances is described. o0- or p-Hydroxyary] alcohols and 
-hydroxyarylamines form, when heated above 250°, anhydrohydroxyary] alcohols (I, X = O) or (II, X = O), 
which, analogously to the anhydro-4-aminoaryl alcohols (X = NR), spontaneously undergo two reactions : 
(i) Disproportionation with formation of methylated phenols and unidentified oxidised resins serving as a source 
of hydrogen. (ii) Condensation to substances containing two or more phenolic groups connected by methylene 
linkages, such as the crystalline dihydroxydiarylmethanes or the complicated high-molecular phenol—formalde- 
hyde resins, which subsequently decompose with the formation mainly of the original phenols. The second 
reaction is prevented to a varying degree when the heating is carried out in the presence of suitable alkalis, The 
bearing of these investigations on the structure and formation of phenol—formaldehyde resins is briefly discussed. 


IN a preceding paper (this vol., p. 109) a method of nuclear methylation of aromatic amines (in their p-positions) 
was described, p-anhydroaminoaryl alcohols being caused to undergo disproportionation by heating above 
300°, e.g., by dry distillation. We thought it possible that anhydro-o- or -p-hydroxyaryl alcohols of the 
general type (I, X = O) or (II, X = O) would undergo a similar disproportionation to form nuclear-methylated 


phenols. 
(I.) —C,H,—CH,), 
H,C,H, 
(IIL) CH, —> Hy + 


HX:-C,H,CH, 

o- and p-Hydroxyaryl alcohols, known to be the first reaction products between phenols and formaldehyde 
in the presence of alkaline catalysts, possess a great tendency in absence or presence of alkalis and acids to 
form polyphenolic substances containing methylene linkages between the several phenolic groups, such as the 
crystalline dihydroxydiarylmethanes and the more complicated high-molecular phenol—formaldehyde resins. 
Conditions had to be found under which anhydrohydroxyaryl alcohols would be formed and in addition would 
not undergo the further condensation of the phenol—formaldehyde type at the high temperatures (250—500°) 
required for a reaction similar to that observed in the case of the anhydro-p-aminoary] alcohols. 

3 : 5-Bishydroxymethyl-p-cresol was chosen for detailed investigation because it can be obtained readily 
and in high yield by reaction between p-cresol and formaldehyde (2 mols.) in presence of an alkaline catalyst 
(von Auwers, Ber., 1907, 40, 2531). Preliminary experiments showed that, when heated above 250°, this 
substance decomposes with the formation of small amounts of m-4-xylenol and mesitol, the two theoretically 
possible methylated phenols, in addition to considerable amgunts of p-cresol. The heating was carried out as a 
distillation, although hedting under pressure is also possible. In presence of alkalis, the yield of m-4-xylenol 
and mesitol varies considerably, but is generally higher than that obtained without such additions. In order 
to compare the effect of different alkalis, the amount of mesitol was determined by treatment of the phenolic 
distillate with formaldehyde and alkali, any p-cresol and m-4-xylenol forming non-volatile products and so 
allowing the separation of the unchanged mesitol by steam-distillation. Its weight was determined, and a 
correction made for the amount dissolved in water. In all cases, 1 mol. (168 g.) of 3 : 5-bishydroxymethy]l-p- 
cresol was distilled. The experimental error should not exceed 2—3 g. Some typical results are shown in 
Table I, where the type and amount of added material, and the approximate weights of distillate and of mesitol 
are given: 

The best results are obtained in presence of mild alkalis, i.e., oxides and hydroxides of the alkaline earths 


285) 


r19 
dihy 
ind 
| 
| 

| 
| 


mo mI SN 


1€ 


[1944] A Method of Nuclear Methylation of Phenolic Substances. 401 


and magnesium and the borates of the alkali metals, which neutralise the phenols without making the reaction 
mixture too alkaline. 

When 3: 5-bishydroxymethyl-p-cresol is heated alone or in presence of too weakly alkaline substances, 
only small amounts of mesitol but considerable amounts of p-cresol (and m-4-xylenol) are obtained, accom- 
panied by much formaldehyde. This is due to the intermediate formation of condensation products consisting 
. two or more phenolic groups connected by methylene linkages, which substances decompose above 400° 

to give mainly the original phenols; ¢.g., 2’-dihydroxy-5: and 4-hydroxy- 
$: 5-bis-(6-hydroxy-3-methylbenzyl)toluene (Koebner, Z. angew. Chem., 1933, 46, 251) decompose under such 
conditions in presence or absence of alkalis to give p-cresol and traces of m-4-xylenol and mesitol. Similarly, 
4: 4'-dihydroxy-2 : 2’-dimethyldiphenylmethane (Eberhardt and Welter, Ber., 1894, 27, 1814) and 2: 2’- 
dihydroxy-1 : 1’-dinaphthylmethane (Fries and Hiibner, Ber., 1906, 39, 440) form almost exclusively o-cresol 
and 2-naphthol, only traces of mesitol and 1-methyl-2-naphthol, respectively, being detected. Distillation of 
the so-called phenol—-formaldehyde resins derived from phenol, o-, m-, or p-cresol, or m-5-xylenol also yields, as 
already found in absence of alkalis (Megson, Tvans. Faraday Soc., 1935, 32, 336), mainly the original phenols, 
and, even in presence of alkalis, only traces of methylated phenols. 

The analogous behaviour of 3 : 5-bishydroxymethyl-p-cresol and p-aminoary] alcohols is apparent. Both 
form anhydrides which at high temperatures undergo disprcvortionation (with the probable intermediate 
formation of radicals) (III) to afford methylated phenols and amines, respectively, and oxidised resins serving asa 
source of hydrogen. Both condense to a varying degree (controlled by the presence of alkalis) to form high- 
molecular substances containing methylene linkages, which spontaneously decompose to form mainly the original 
amines or phenols. 


TABLE I. 
Added substance, g. Distillate, g. Mesitol, g. Added substance, g. Distillate, g. Mesitol, g. 
60 CaSO, 180 
~ 122 49 5 Ca(OH), 168 60 22 
iii) AlO,. 51 5 xxi) CaO 84 7 
(iv) CacO, 150 53 5 (xxii) Ca(OH), 111 64 32 
150 (xxiii) 168 77 27 
(vi) Meco, 126 (OH) 87 4 
vi xXV 87 
(vii) BaCO, 296 50 4 (xxv) Sr(OH), 100 46 20 
(viii) { 197 ( Ba(OH), 90 67 6 
(xi) {Xai00, 159 Ca(OH), 168 13 ll 
Na,B,O, 302 78 20 xxxi) Na salt 45 14 
(xii) NaOH 40 15 3- (xxxii) {Na salt 
xiv as Os a salt 
189 (xxxiiil)| NaOH 40 10 3 
(xv) 168 60 22 
(xvi) Na,B,O, 168 79 9 (xxxiv)\NaOH. 120 2 1 
(xvii) a 302 15 19 (xxxv) Mg salt 60 25 
(xviii) {eat 302 (xxxvi) Ca salt 63 24 
H), 111 63 22 (xxxvii) Sr salt 55 28 
(xix) CaSO, 180 22 3 (xxxviii) Ba salt 57 20 


The formation of mesitol from 3: 5-bishydroxymethyl-p-cresol involves the introduction of two methyl 
groups. The reaction should take place in two stages: (i) Formation and decomposition (disproportionation) 
of the anhydro-compounds, giving 2 : 4-dimethyl-6-(hydroxymethyl)phenol. (ii) Formation and decomposition 
of anhydro-2 : 4-dimethyl-6-(hydroxymethyl)phenol, giving mesitol. 

Some examples are given to show that the foregoing reaction is characteristic of all hydroxymethylphenols 
and other substances able to form anhydrohydroxymethylphenols at hi» temperatures. 

Distillation of 3-hydroxymethyl-p-cresol (Manasse, Ber., 1894, 27, 2411) in presence of calcium hydroxide 
gives a good yield of m-4-xylenol in addition to some p-cresol and mesitol. As an example of substances 
other than hydroxymethylphenols, e.g., aminomethylphenols, which form anhydrohydroxymethyiphenols 


—>aNHR, + (Iv.) 


wv) 2 0H CHyOH CH,OH_ 
H ons 
H,OH 


20 H,OH H,OH 


(Iv) at high temperatures, 3-piperidinomethyl-p-cresol (von Auwers and Dombrowski, Annalen, 1906, 344, 
285) behaves similarly. The formation of small amounts of mesitol is doubtless due to condensation of 
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3-hydroxymethyl- or 3-piperidinomethyl-p-cresol, e.g., according to (V), and subsequent decomposition of the _ 


condensation product. ~ 

3 : 5-Dihydroxymethyl-o-cresol [obtained according to Granger, Ind. Eng. Chem., 1932, 24, 444, from o- 
cresol (1 mol.), formaldehyde (2 mols.), and sodium hydroxide (1 mol.)} yields in presence of calcium hydroxide 
a mixture of 2: 4- and 2: 6-dimethylphenol and mesitol, the xylenols being identified and isolated as the 6- 
and the 4-nitro-compound, respectively. The yield of mesitol is much smaller than that obtained from 
3 : 5-bishydroxymethyl-p-cresol owing to the great tendency of the o-cresol isomer to condense and form 
4: 4'-dihydroxy-3 : 3’-dimethyl-5 : 5’-bishydroxymethyldiphenylmethane (VI). This substance was obtained 
by Granger (loc. cit.) in small quantity. It is almost exclusively formed when the condensation between 
o-cresol and formaldehyde is carried out in presence of more than 1 mol. of sodium hydroxide and allowed to 
proceed for many days. Its structure has been established by its preparation from 4 : 4’-dihydroxy-3 : 3’- 
dimethydiphenylmethane and formaldehyde in presence of alkali. When distilled alone, it yields a mixture of 
o-cresol and m-4- and m-2-xylenol in addition to traces of mesitol, but in presence of calcium hydroxide a good 
yield of the two xylenols and mesitol is obtained with only a little o-cresol.. On distillation, it combines the 
features of both a hydroxymethylphenol and a dihydroxydiarylmethane. 

Distillation of 2-piperidinomethyl-3 : 5-dimethylphenol (von Auwers and Dombrowski, Joc. cit.) in presence 
of calcium hydroxide yields mainly m-5-xylenol, 2 : 3 : 5-trimethylphenol, and a small amount of 2:3: 5: 6- 
tetramethylphenol. 2: 6-Bishydroxymethyl-3 : 5-dimethylphenol (von Auwers, loc. cit.) decomposes in 
presence of calcium hydroxide to form mainly 2 : 3 : 5-trimethyl- and 2 : 3 : 5 : 6-tetramethyl-phenol. Thelatter 
does not react with formaldehyde in presence of an alkaline catalyst. No trace of 3: 4: 5-trimethyl-, 2:3: 4: 5- 
tetramethyl-, or 2: 3:4: 5: 6-pentamethyl-phenol could be found in these experiments, indicating that the 
above substances are not, as suggested by von Auwers (loc. cit.), para-substituted derivatives of m-5-xylenol 
(cf. also Caldwell and Thompson, J. Amer. Chem. Soc., 1939, 61, 2354). 

Distillation of 1-piperidinomethyl-2-naphthol (von Auwers and Dombrowski, loc. cit.) gives in good yield 
a mixture of 8-naphthol and 1-methyl-2-naphthol. The yield of the latter is higher in presence of calcium 
carbonate; whereas, in contrast to the findings in the case of the benzene derivatives, calcium hydroxide 
decreases both the total amount of distilled naphthols and that of 1-methyl-2-naphthol. Small amounts of 
1-methylnaphthalene have also been observed in these experiments. 

The isolation and purification of the hydroxymethyl- or aminomethyl-phenols, being generally difficult and 
almost always accompanied by considerable loss of material, is unnecessary. The phenols can be condensed 
with formaldehyde according to known methods, water and unchanged phenol removed by distillation at low 


temperatures, and the remaining hydroxymethyl- or aminomethyl-phenols heated to the required high temper- - 


atures. Thecatalyst required for the condensation may be chosen from the group of alkalis which give the best 
yields of methylated phenols in the subsequent heating; generally, calcium hydroxide can be used. In the 
case of aminomethylphenols, the amine splitting off during the heating can serve as the alkaline medium, but 
is better supplemented by addition (before distillation) of a suitable alkali such as calcium hydroxide. 

This modification permits one to start from a mixture of phenolic substances forming a mixture of hydroxy- 
methyl- or aminomethyl-phenols : it is especially advantageous if an exhaustive methylation of the phenols is 
desired. For instance, p-cresol is condensed with formaldehyde in presence of calcium hydroxide, and the 
reaction mixture is distilled, the distillate, consisting of m-4-xylenol, p-cresol, and mesitol, being again con- 
densed with formaldehyde in presence of calcium hydroxide. The reaction mixture, consisting of the hydroxy- 
methyl derivatives of m-4-xylenol and p-cresol and of unchanged mesitol, is distilled, mesitol being obtained in 
30% yield. Similarly, a good yield of mesitol can be obtained from o-cresol and phenol, a 20% yield of 2: 3: 4: 6- 
tetramethylphenol from m-cresol, and a 30% yield of 2:3: 5: 6-tetramethylphenol from m-5-xylenol. A 
mixture of mesitol and 2 : 3 : 4 : 6-tetramethylphenol is also obtained from the very cheap cresylic acids. 

The above investigation throws new light on the nature and formation of phenol—formaldehyde resins. (i) It 
confirms the generally accepted view that these possess structures involving numerous phenolic groups connected 
by methylene linkages, since, like the crystalline dihydroxydiarylmethanes, they decompose at high temper- 
atures with formation mainly of the original phenols and only traces of methylated phenols. (ii) It shows 
that their formation can be preceded not only by that of hydroxymethylphenols, but also that of anhydro- 
hydroxymethylphenols, which are stable under certain conditions and, in contrast to the phenol—formaldehyde 
resins, decompose at high temperatures to form methylated phenols. 

EXPERIMENTAL. 

3 : 5-Bishydroxymethyl-p-cresol.—(a) The distillates in the experiments given in Table I were generally fractionated 
before determination of mesitol. ‘They consist of various amounts of p-cresol (b. p. 200°), identified as 3 : 5-dinitro-p- 
cresol (m. p. 84°), m-4-xylenol (b. p. 212°), identified as its 5-nitro-derivative (m. p. 72°), and mesitol (b. p. 219°; 
m. p. 72°), in addition to small amounts of substances of b. p. >300°, traces of volatile hydrocarbons, and in man 


y 
cases some formaldehyde. The fractions (in g.) obtained in a few selected experiments are given in Table II, m. p.’s 
being added in parentheses. 


(b) 3: 5-Bishydroxymethyl-p-cresol (15°g.) and calcium hydroxide (15 g.) were heated in a sealed tube for 6 hours 
at 300°; the resulting mixture was steam-distilled, and mesitol (2 g.) collected. A similar result was obtained when 
heating was carried out in an autoclave at 300°. 

(c) 3: 5-Bishydroxymethyl--cresol (100 g.) was heated for 7 hours at 200°, 6 hours at 255°, and 14 hours at 360°, 


formaldehyde and water distilling over (15-4, 15-8, 19-7 g. respectively). The final distillate consisted of 5-8 g. of form- 
aldehyde and 13-9 g. of water. 
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TABLE II. 

Experiment. (i). (iv). (ix). + (x). (xi). Experiment. (xvi). (xvii). (xxiii). (xxvii). (xxviii). 

Distillate * 60 53 54 46 78 Distillate 79 Pave 67 40 
195—200° 13 7 9 8 — 195—200° : a 7 9 6 
200—205 13 5 13 4 7 200—205 8 8 (6°) 4(4°) 6 (20°) 
205—210 12 15 8 17 20 (23°) 205—210 10 (20°) 13 (22°) 11 (31°) 18 (21°) . (25°) 
210—215 4(19°) 5 (12°) 3(12°) 5 (13°) 31 (36°) 210—215 35 (37°) 29 (31°) 26 (46°) 12 (32°) 4 (31°) 
215—230 6 (17°) 3(17°) 3(17°) 7 (45°) 215—230 12 (47°) 12 (33°) Ly aid” - (41°) 3 (34°) 
Residue 5 10 13 7 12 Residue 10 12 7 
Mesitol 3-5 5 + 4 20 Mesitol 9 19 15 


_* The distillates were in all cases slightly wet. 


3-Hydroxymethyl-p-cresol.—This substance (138 g.) and calcium hydroxide (138 g.) were, distilled; yield, 57g. Frac- 
tions per m-4-xylenol, little ~-cresol and mesitol); 200—205°, 8 g.; 205—210°, 15 g.; 210—220°, 17 g.; high- 
boiling residue, 8 g 

3- iperidinomsthyl- vesol. rr substance (206 g.) and calcium hydroxide (206 g.) were distilled. After removal 
of piperidine, the residual oil (58 g.) was fractionated. Fractions (mainly m-4-xylenol, some p-cresol and mesitol) : 
200—205°, 13 g.; 205—210°, 13 g.; "210—220°, 22 g.; high-boiling residue, 9 g. 

2:2 "Dihydroxy-5 : 5’-dimethyldiphenylmethane (loc. cit.).—(a) This substance (50 g.) and sodium carbonate (50 g.) 
were distilled; yield, 32 g. Fractions: 195—200°, 27 g. (almost pure p-cresol); residue, 3 g. (b) This phenol (50 g.) 
and calcium hydroxide (50 g.) were distilled; yield, 20g. Fractions (mainly p-cresol, traces of m-4-xylenol and mesitol) : 
190—200°, 5 g.; 200—205°, 10 g.; residue, 5 g. 

4-Hydroxy-3 : 5-bis-(6-hydroxy-3-methylbenzyl)toluene (loc. cit.).—This substance (100 g.) was distilled alone and in 
presence of sodium carbonate (100 g.) or calcium hydroxide (100 g.); yield, about 60g. Low-boiling fractions (36—44 g.) 
consist mainly of p-cresol, with traces of m-4-xylenol and mesitol. 

4:4 “Dikydvoxy-B : 5’-dimethyldiphenylmethane (loc. cit.).—This substance (50 g.) was distilled in Presence of sodium 
carbonate (50 g.) or calcium hydroxide (50 g.); yield, 36—38 g. of oil, mostly boiling at 183—193° (mainly o-cresol). 
Neither m-4- nor m-2-xylenol could be detected, but traces of mesitol were present. When refluxed alone for 14 hours, 
the substance decomposes with a similar result. 

4: 4’-Dihydroxy-3 : 3’-dihydroxymethyl-5 : 5’-dimethyldiphenylmethane.—Preparation. o-Cresol (108 g.) and sodium 
hydroxide (50 g.) were dissolved in water (200 c.c.), and 40% formaldehyde (160 c.c.) added. After a week, the product 
was precipitated by means of carbon dioxide; needles, m. p. 163°, from alcohol (Found: C, 70-3; H, 6-7. Calc. for 
Ci7HO,: C, 70-8; H, 6-9%). It is also obtained by treatment of 4: 4’-dihydroxy-5 : 5’-dimethyldiphenylmethane 
with formaldehyde and sodium hydroxide. 

Distillation. This substance (150 g.) was distilled alone and in presence of calcium hydroxide (respective results are 

separated by an oblique stroke) ; distillate, 8 g. Fractions: 190—195°, 7/8 g.; 195—200°, 17/7 g.; 200—205°, 

10/12 g. (m. p. 10°); 205—210°, 4g. (m. p g. (m. p. 17°) ;. 210—230°, 3 g. (m. p. 16°)/8 g. (m. p. 27°); high- 

residue, 7/5 g.; mesitol, 3/8 g. b. p. 202°, m. p. 47°, was identified as its 
170°.) 

a? 5-Bishydroxymethyl-o-cresol.—Preparation. o-Cresol, sodium hydroxide, and formaldehyde were condensed 
exactly as in the preceding pr ey After two days, acetic acid (60 g.) was added, whereupon 3 : 5-bishydroxy- 
methyl-o-cresol slowly separa m. p. 94°, after crystallisation from chloroform or, better, nitrobenzene. 

Distillation. The substance (168 g.) was distilled in presence of calcium hydroxide (168 g.); distillate, 48 Frac- 
tions: <190, 10g.; 190—200°, 9 g. (m. p. 16°); 200—205°, 9 g. (m: p. 26°); 205—210°, 9g (m. p. 32°); resi ue, 9 g.; 
mesitol, 12 g. 

2-Piperidinomethyl-3 : 5-dimethylphenol (von Auwers and Dombrowski, Joc. cit.).—-This substance (219 g.) was dis- 
tilled in presence of calcium hydroxide (219 g.). After removal of piperidine, the distillate (68 g.) was fractionated. 
Fractions [containing mainly m-5-xylenol (b. p. 220°; m. p. 64°), 2:3: 5-trimethylphenol (b. p. 230°; m. p. 95°), and 
some 2: 3: 5: 6-tetramethylphenol (b. p. 249°; m. p. 117°)]: 215—220°, 5g.; 220—225°, 12 g. bay p. 42°) ; 225—230°, 
198. (m. p. 55°); 230—235°, 8 g. (m. p. 56°); 235—240°, 8g. (m. p. 57°); residue, 10 g.;-2:3: 5 : 6-tetramethylphenol, 


2: 6-Bishydroxymethyl-3 : 5-dimethylphenol (von Auwers, loc. cit.).—This substance (183 g.) and calcium hydroxide 
(183 g.) were distilled; distillate, 78 g. Fractions: <225°, 9 g.; 225—230°, 6 g. (m. p. 555) 230—235°, 12 g. (m. p. 
0"); .235—240°, 8 g. (m. p. 74°); 240-—250°, 8 g. (m. p. 75°); residue, 16 g.; 2:3:5: 6-tetramethylphenol, 24 g. 

1-Piperidinomethyl-2- naphthol (von Auwers and Dombrowski, loc. cit.) —(a) The substance (250 g.) was distilled. 
After removal of piperidine, the distillate (110 g.) was treated with formaldehyde and alkali, whartipen the £-naphthol 
present formed 2: 2’-dihydroxy-1 : 1’-dinaphthylmethane.. Steam-distillation under alkaline conditions afforded a 
small amount of oil, mainly 1-methylnaphthalene, identified by its picrate (m. p. 141°); the residue was acidified, and 
1-methyl-2-naphthol extracted with boiling water; yield, 22 g. (b) Distillation was carried out in presence of calcium 
carbonate (250 g.), sodium carbonate (250 g.), and calcium hydroxide (250 g.). Distillate, 118/52/57 g.; 1-methyl-2- 
naphthol, 30/10/13 g. 

2: 2’- Diledeaet : 1’-dinaphthylmethane.—When this was distilled alone or in presence of sodium carbonate or 


calcium hydroxide, considerable amounts of f-naphthol, in addition to traces of 1-methylnaphthalene and 1-methyl-2- 
naphthol (in all cases less than 2%), were formed. 


o-Cresol. p-Cresol. Phenol. 
No. of distns. 1. 2. a 2 1. 2 3. 
Distillate 66 48 68 62 40 34 30 
200—205 9 3 3 1 
205—210° 12 6 4 (10°) 1 (22°) 
210—215 9 7 (40°) 9 (35°) 3 10 (20°) 4 (28°) 2 (38°) 
215—220 8 14 (56°) 20 6 (45°) 4 (49° 
‘ 220—230 4 (55 11 (65°) 17 (58° 42 (63°) — 5 (55°) 9 (59°) 
bet 4 Mesitol 14 20 4 lk 


n 
n 
d 
n 
of ; 
d 
n 
ar 
x 
1e 
ol 
ld 
m 
le 
of 
id 
od 
st 
he 
ut 
y- 
is 
he 
n- 
in 
6- 
A 
It 
ed . 
1 
ws 
ro- 
rde 
ted 
9°; 
ny 
D.’S 
urs 
hen 
30°, 
rm- 
4 


Thomson : Steric Inhibition of Resonance. Part I. 


m-5-Xylenol. Cresylic acids. 
Distillate 75 44 
<215° om 
215—220 6 (60°) * 
220—225 3 (51° 14 (68°) 
225—230 ) 3 (59°) 
230—235 (14°) (30°) (57°) 2 (49°) 
235—240 (39°) ( 4 (40°) 
240—250 
250—260 
260—280 
Residue 
Mesitol 
2:3:4:6-Tetramethylphenol ' 
2:3: 5: 6-Tetramethylphenol 


* Fractions of the mixture of mesitol and 2: 3 : 4 : 6-tetramethylphenol obtained by steam distillation in presence of 
alkali and formaldehyde. 
¢ Total amounts of mixtures of mesitol and 2: 3: 4: 6-tetramethylphenol. 


Exhaustive Distillation—The phenol (1 mol.), an equal quantity of calcium hydroxide, and 40% formaldehyde (3 
mols.; but in the case of phenol, m-cresol, ad the cresylic acids, 4 mols.) were mixed, with cooling; after standing 
overnight, the reaction mixture containing the poly (hydroxymethyl)phenols was distilled. The distillate was again 
treated with an equal weight of calcium hydroxide and 100 c. c. of 40% formaldehyde solution, and the reaction mixture 
distilled. With phenol, m-cresol, and the cresylic acids the process was repeated a third time ,50 c.c. of a 40% form- 
aldehyde solution being used. The distillates were fractionated, and the amount of mesitol (m. p. 72°), 2:3:4:6- 
tetramethylphenol (m. p. 80°), or 2:3: 5: 6-tetramethylphenol (m. 7. 117°) was determined by treatment of the dis- 
tillates with Seaneldehgae and alkali and steam — the volatile unchanged sai belang collected. The results 
are tabulated above, weights being in g. 


The authors thank the Calico Printers’ Association, Ltd., Manchester, for permission to publish this paper. 
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409. Steric Inhibition of Resonance. Part I. The Dichloronitrobenzenes. 


By GeorGE THOMSON. 


The molecular solution volumes and molecular refractivities of the six isomeric dichloronitrobenzenes are 
interpreted as supporting the view that in 2: 6-dichloronitrobenzene resonance between the nitro-group and 
the benzene nucleus is to a large extent inhibited and that even one chlorine ortho to a nitro-group will have a 
certain inhibitory effect on the resonance. Variations in the parachors are of the same magnitude and sign as 
the variations in molecular solution volumes. 
Values found for their dipole moments are not inconsistent with this view. 


THE abnormally low reactivity of the chlorine atoms in 2: 6-dichloronitrobenzene noted by Holleman and 
de Mooy (Rec. Trav. chim., 1915, 35, 19) has been discussed by Hiickel (‘ Theoretische Grundlagen der organ- 
ischen Chemie,’’ 1931, ii, 256, 272; Ber., 1929, 62, 2041), who has calculated the energy of activation from — 
Holleman’s measurements. More recently, Loudon and Shulman (J., 1941, 725) have suggested that the 
low reactivity results from inhibition by the chlorine atoms of the resonance between the nitro-group and 
the benzene nucleus. Such steric inhibition of resonance was first postulated by Hampson and his collab- 
orators (J., 1937, 10; 1939, 981) to account for the unexpectedly low dipole moments of nitro- and dimethyl- 
amino-durene derivatives. Hammick and Hellicar (J., 1938, 761), discussing the steric effects of chlorine 
‘ and methyl substituents, point out that, the radius of the chlorine atom being taken as 0-99 a., and the radius 
of revolution of C-H in methyl as 1-09 a., a scale diagram shows that the surface of the chlorine atom will 
be 0-07 a. nearer than the sphere of revolution of the methyl group to an atom or group on the benzene nucleus 
between them. The chlorine atom would therefore be expected to be just as effective as the methyl group 
in inhibiting resonance. 

If in 2 : 6-dichloronitrobenzene the vicinal chlorine atoms inhibit resonance between the nitro-group and the 
benzene nucleus, certain physical properties may be expected to differentiate this compound from its isomers. 

Since the oxygen atoms of the nitro-group will be forced out of the plane of the benzene ring, the carbon- 
nitrogen bond will revert from partial double-bond to single-bond character with consequent lengthening : 
the molecules will be less easily packed and one would expect the molecular volume to be greater than that 
of an isomer such as 3: 4- or 3: 5-dichloronitrobenzene in which resonance is likely to be quite uninhibited. 
Such a volume change may be reflected in the parachor. 

Further, inhibition of the resonance between the nitro-group and the benzene ring would be expected to 
result in a lowering of the molecular refractivity. It is known that the atomic refractivity of the nitro-group 
is lower in nitroparaffins than in nitrobenzenes, and the relevant structural difference appears to be the occur- 
rence in the latter of resonance between the nitro-group and the benzene nucleus.' Briihl (Z. physikal. Chem., 
1898, 25, 613) gives the atomic refractivity (for the D line) of the nitro-group in nitrobenzenes as 7-30 and in 
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nitroparaffins as 6-72, a difference of 0-58 unit. If Eisenlohr’s recalculated values of atomic refractivity are 
used a rather larger difference is found: his value (ibid., 1912, 79, 129) for the nitro-group in nitroparaffins 
containing up to five carbon atoms is 6-638, and in those containing 6—10 carbon atoms 6-582. On the same 
basis the value for the riitro-group in nitrobenzene is calculated as 7-53, giving a difference between the aliphatic 
and the aromatic nitro-group of 0-95. ; 

Finally, the dipole moment of 2 : 6-dichloronitrobenzene would be expected, like that of nitrodurene, to 
be lower than the value calculated by vectorial addition of the constituent moments after allowance for 
induction effects. 

In order to test these points, measurements of molecular solution volume, molecular refractivity, and 
dipole moment have been made in benzene solution at 25°, and the parachors have been calculated from 
measurements of density and surface tension made on liquid dichloronitrobenzenes at 100°. All six isomers 
have been investigated. 

Discussion of Results.—In Table I are collected the values of molecular solution volumes (M.S.V.), parachor, 
and molecular refractivity for sodium yellow (A = 5893 a.) and mercury green (A = 5461 a.). Measurements 
were made on solutions in which the concentration of dichloronitrobenzene varied between about 4 and 


I. 


Data for dichloronitrobenzenes. 

Isomer. M.S.V. [P]. [Rz)p. sae1- Q. Isomer. M.S.V. [P]. [Rz]p. [Pz] sae1- Q. 
3:4- 125-7 333-4 43-00 43-15 22-3 . a 126-7 335-7 42-62 42-84 22-7 
3: 5- 125-6 334-5 42-94 43-19 oa 2:5- 126-7 336-2 42-50 42-72 23-2 

126-4 335-8 42-63 42-79 23-0 2: 6- 130-4 340-1 42-32 42-46 26 


6 mols. %. The last col. contains the values of energy of activation (for the reaction with sodium methoxide) 
calculated by Hiickel (Joc. cit.). 

It will be seen that the values fall into three well-defined groups, depending on the extent to which the 
ortho-positions to the nitro-group are substituted by chlorine, the regularities in molecular refractivity being 
better defined in the values for mercury green. The lowest values of molecular solution volume and parachor 
and the highest values of molecular refractivity are those of 3 : 5- and 3: 4-dichloronitrobenzenes : the values 
for these two isomers are identical within the limits of experimental error. When. one chlorine occupies a 
position ortho to the nitro-group, both the molecular solution volume and the parachor are slightly raised and 
the molecular refractivity is lowered: the values for 2: 3-, 2: 4-, and 2: 5-dichloronitrobenzenes are indis- 
tinguishable from one another but differ from those for 3: 4- and 3: 5-dichloronitrobenzenes by more than 
the experimental error. In the 2 : 6-isomer there is a further considerable increase in molecular solution volume 
and in parachor and a decrease in molecular refractivity approximately the same as that occasioned by the 
presence of one chlorine as an ortho-substituent. Much the same grouping of the isomers is possible on the 
basis of Hiickel’s values for their energies of activation. The difference in molecular refractivity for sodium 
yellow between 3 : 5- and 2 : 6-dichloronitrobenzene is 0-62, indicating that in the latter compound the atomic 
refractivity of the nitro-group is closer to the value for the group in a nitroparaffin than to the value in nitro- 
benzene. Values collected in Table II, where A is the difference due to one nitro-group, show that a reduction 
in molecular refractivity is observed whenever the 2: 6 positions in nitrobenzene are substituted by methyl, 


' chlorine, or bromine. The effect is most easily demonstrated by comparing the differences between the nitro- 


and the corresponding unnitrated compounds. 


A. A. 
Nitrobenzene 32-74 i} 6-56 33-04 +} 6-68 

BIC "76 4 
4698 } 622 47-22 6:16 
1:3: 6-Trichloro-2 : 4: 6-trinitrobenzene } 
1:3: 5-Tribromo-2 : 4 : 6-trinitrobenzene 68-1 } — 
36-16 } 6-78 36-40 6-79 
3 6-Dichloronitrobenzene 42-94 43-19 } 
36-16 6-16 36:40 6-06 

1-40 1 

27-3215 5°92 27.432} 5°94 


1 Landolt—Bérnstein ‘‘ Tabellen.” 2 Ibid., by interpolation.  * Tiganik, Z. physihal. Chem., 1931, B, 18, 425. 


It might be objected that, in the aromatic compounds instanced, possibly not the nitro-group but one 
or both of the 8ther groups is suffering distortion. This seems unlikely, since trichlorination of mesitylene 
results in the same increase of molecular refractivity as trichlorination of benzene to give s-trichlorobenzene. 
Admittedly, the differences in molecular refractivity in the dichloronitrobenzene series are small but they 

appedr to be real, and if it is granted that the reduction in the atomic refractivity of the nitro-group occasioned 
by two bulky ortho-substituents is due to inhibition of resonance, it is difficult to avoid the conclusion that 
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even one such ortho-substituent can have some inhibitory effect on the resonance between the nitro-group 
and the benzene nucleus. Baddeley (Nature, 1939, 144; 444) has explained some “ ortho”’ phenomena due 
to a single ortho-substituent on the basis of inhibited resonance, and Loudon and Shulman (loc. cit.) also refer 
to this possibility. 

Interpretation of the dipole moments of the dichloronitrobenzenes is complicated by the necessity for a 
knowledge of the magnitude of the inductive effects between the substituents. Exact calculation of these 
effects is impossible in view of the uncertainty of the locus of the resultant moment of the nitro-group : small 
changes in its location produce large changes in the induced moments in groups in its immediate neighbour- 
hood, and it seems probable that in considering inductive interaction between ortho-substituents and a nitro- 
' group it would be necessary to analyse the nitro-group into its component dipoles and consider the induction 
due to each separately. Smallwood and Herzfeld (J. Amer. Chem. Soc., 1930, 52, 1919), who- first attempted 
to calculate the induction effects in disubstituted benzene derivatives, invariably found discrepancies when a 
nitro-group was one of the substituents, and Brown, de Bruyne, and Gross (ibid., 1934, 56, 1291), who applied 
‘Smallwood and Herzfeld’s treatment to mesitylene derivatives, failed to get agreement between their experi- 
mental and-calculated moments for nitromesitylene, though in this case the discrepancy could no doubt be 
explained in part by inhibition of resonance due to the vicinal methyl groups. In Hampson’s approximate 
calculations of the induced moments in nitrodurene, it was possible on account of the low moment of the 
H,C-C link to neglect its inductive effect on the nitro-group. This is not possible with the CI-C link, and 
so resort has been made to empirical methods in order to obtain the “ calculated ” values of moment of the 
dichloronitrobenzenes set out in Table IV. (All values of dipole moments in this paper are in Debye units.) 
The A series of values are obtained by compounding the moments of nitrobenzene and the appropriate di- 
chlorobenzene :. in this way some correction is made for the interaction of the two chlorine atoms. The B 
series embody a further correction for the interaction of the chlorine atoms and the nitro-group estimated 
from the deviations of the observed moments of the chloronitrobenzenes from the values calculated by vector 
addition. Tiganik’s values (loc. cit.) for the chloronitrobenzenes have been used in preference to Lutgert’s 
(Z. physikal. Chem., 1931, B, 14, 350), which seem improbably low in comparison with the values found in the 
vapour phase by Groves and Sugden (J., 1937, 1782) and, moreover, are open to the objection that they were 
determined by the temperature-solution method. 


TABLE III. 
Dipole moments of the chloronitrobenzenes. 
Tiganik. Groves and Sugden. | 
Lutgert. 
i Calc. Obs. Calc. Obs. 
o-C,H,Cl‘NO, . 4-92 4-59 5-32 3-96 
m-C,H,Cl-NO, . 3-46 3-69 3-69 3-12 
p-C,H,CI‘NO, . 2-42 2-78 2-51 2-34 
Since Tiganik’s values for the chloronitrobenzenes are to be used, it has been thought desirable to use 
also his values (Joc. cit.) for nitrobenzene and the dichlorobenzenes, viz., CgH;"NO,, 3-97; o-C,H,Cl,, 2-25; 
m-C,H,Cl,, 1-48; p-C,H,Cl,, 0. The following assumptions are made regarding interaction of chlorine and 
nitro-groups. (a) Each chlorine ortho to a nitro-group will result in a diminution of moment of 0-59 p. (the 
difference between the observed and calculated values for o-chloronitrobenzene in benzene solution). This 
correction includes at least two factors, viz., the effect of induction and the effect of inhibition of resonance; 
in the present state of our knowledge it is impossible to assess them separately. (b) A chlorine meta to a 
nitro-group will have no effect (cf. identity of calculated and experimental gas values for m-chloronitrobenzene 
and the closeness of the corresponding solution values)... (c) A chlorine para to a nitro-group-will result in an 
increase of moment to 0-15 D. (the difference between observed and calculated values for p-chloronitrobenzene). 
The experimental and the calculated values of dipole moments of the dichloronitrobenzenes are given in 
‘Table IV. In the case of 2: 5-dichloronitrobenzene, the only isomer whose moment has previously been 
measured, the value now found is identical with that found by Hassel and Naeshagen (Z. physikal. Chem., 
1931, B, 12, 79). 
TABLE IV. 
Dipole moments of dichloronitrobenzenes. 
2:3. 2:4. 2:5. $ 3:4. 
2-66 3-45 , 2-17 
3°47 3-97 2-31 
3-03 3-38 2-46 


Despite the empirical nature of the treatment, the calculated results show a fair agreement with the experi- 
mental (within 2—7%), with the notable exceptions of the values for 2: 4- and 3 : 4-dichW®ronitrobenzenes, 
i.e., the only two isomers which have a chlorine substituted para to the nitro-group. Now a para-substituted 
nitrobenzene normally has a value of moment higher than that calculated as the vector sum of the moments. 


- 


It is unlikely that this exaltation of moment is.due to induction; more probably it results from interaction. 


of resonance ¢ffects as shown so much more markedly in the familiar case of p-nitroaniline. In the gase of 
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2: 4-dichloronitrobenzene the chlorine ortho to the nitro-group will, if it inhibits the resonance between the 
nitro-group and the benzene nucleus, in a proportionate degree cause a departure from the character of nitro- 
phenyl so that the second chlorine entering para to the nitro-group will not increase the moment by 0-15. 
This argument, however, cannot apply in the case of 3 : 4-dichloronitrobenzene, in which the resonance of the 
nitro-group with the benzene nucleus would be expected to be unimpaired as will that of the para-chlorine.* 

The case of 3: 5-dichloronitrobenzene is rather surprising. It should not be complicated by induction 
effects or inhibition of resonance, and one would expect a rather closer agreement between the observed and 
the calculated moment than is shown here. : 


EXPERIMENTAL, 


Materials.—Solvent benzene was purified in the usual manner. Mesitylene had b. p. 163-5°, d}%" 0-85948, n#: 1-49698, 
whence [Rz]p 40-76, in good agreement with the value 40-79 + 0-05 given by Mulliken (J. Chem. Physics, 1939, 7, 356) 
quoting from Egloff’s ‘‘ Physical Constants of Hydrocarbons”; 1-5000, whence [Pz] 54g, 41°06. m-Dichlorobenzene 
had b. p. 171—171-4°/755 mm., dj" 1-2824, np” 1-54400, whence [Rz]p 36°16, 1°54834, whence 36°40. 
Nitromesitylene (m. p. 44°) was prepared as in Organic Syntheses, 14, 68. _ 

3: 4- and 2: 5-Dichloronitrobenzenes were purchased from B.D.H., distilled under reduced pressure, and recrystal- 
lised; m. p.’s 43° and 55°, respectively. 2: 3-Dichloronitrobenzene (m. p. 61°) was prepared as described by Kremer 
and Bendich (J. Amer. Chem. Soc., 1939, 61, 2658). 3:5-, 2: 4-, and 2: 6-Dichloronitrobenzene (m. p.’s 65°, 33°, and 
71°, respectively) were prepared by the methods of Holleman and Reiding (Rev. Trav. chim., 1904, 23, 357). 

Measurements.—Refractive indices were measured on a Hilger-Pulfrich refractometer, and dielectric constants by 
means of the apparatus described in previous papers. 

For measurements of surface tension at 100°, Ferguson’s method (Proc. Physical Soc., 1932, 44, 511) was adopted. 
The horizontal capillary tube (00592 cm. bore) was a sliding fit in a brass tube which was steam-jacketed. The mano- 
meter liquid was high-boiling (>120°) light petroleum, and the differences in level were measured by means of a catheto- 
meter. To test the apparatus, the surface tension of a purified specimen of p-chloronitrobenzene was measured. The 
values found, 35-33 and 35-27 dynes/cm., are in good agreement with Sugden’s value 35-40 (J., 1924, 1167) and, like 
his, rather higher than that of Jaeger (Z. anorg. Chem., 1917, 101, 138). 

Densities at 100° were measured under comparable conditions. The pyknometer (kindly lent by Dr. James Bell) . 
was made from pyrex tubing of about 1 mm. bore, and fitted into a slot in a plate of brass enclosed in a vessel through 
which was passed a vigorous stream of steam. Densities of 2:4-, 2: 5-, and 3: 4-dichloronitrobenzenes have been 
measured over a range of temperatures by Jaeger (Joc. cit.), and the values now recorded are in good agreement with 
those obtained by interpolation from his data. 


Densities, surface tensions, and parachors of dichloronitrobenzenes at 100°. 
{J. = Value due to Jaeger (loc. cit.).] 
Compound. (dynes/cm.) a. [P] 


38-26, 38-21, 38-22, 38-20; mean 38-22 1-421, 1-421 335-8 
2: 4-Isomer ......... ‘37-18, 37-17, 37-32, 37-20; mean 37-22 (J. 34-8) 1-411, 1-413 (J. 1-416) 335-7 
2: 5-Isomer ......... 37-14, 37-13, 37-15, 37-09, 37-06, 37-06; mean 37-10 (J. 34-9) 1-409, 1-408 (J. 1-410) 336-2 
2: 6-Isomer ......... 36-21, 36-17, 36-21; mean 36-20 1-383, 1-385 340-1 
3:4-Isomer .....:... 37°43, 37-48, 37-49, 37-44; mean 37-46 (J. 35-2) 1-422, 1-424 (J. 1-424) 333-4 
3: 5-Isomer ......... 35-55, 35-60, 35°55, 35°50, 35-52, 35-59, 35-66; mean 35-57 1-399, 1-402 334-5 
F Refractivity measyrements in benzene solution at 25°. 
Mol.-fraction 
Solute. solute. M.S.V. [Rz]p. ns. 
(Benzene) ............ 0:87342 1-49786 26-174 1-50201 26-361 
0-044389 0-88797 1-49956 47-04 150362 47-21 
itromesitylene ...... 0-058526 0-89251 _ 1-49998 0-50418 47-23 
0-04783 0-91623 126-4 1-50365 42-59 1-50776 42-71 
2 : 3-Dichloronitro- 0-063181 0-92852 126-3. 1-50490 42-66 1-50911 42-88 
benzene | 0-046188 0-91485 126-2 1-50356 42-65 1-50767 42-78 
2 : 4-Dichloronitro- 0-050586 0-91847 126-7 1-50393 42-62 1-50813 42-86 
benzene 0-044071 0-91330 126-7 - 1-50323 43-62 1:50738 42-82 
Pe : 0-057 0-92456 126-7 1-50454 42-52 1-50869 42-68 
2: 0-054260 0-92163 126-8 150416 42-44 150841 42-77 
benze 0-044683 0-91335 126-5 160318 42-57 1-50724 42-709 
oe . -050841 -916 130-3 1-50242 42-29 1-50654 42-48 
2 0-054156 0-91963 130-4 150276 42-36 1-50682 42-5] 
apens 0-053725 0-91918 180-4 1-50261 42-31 . 1-50659 42-38 
3: 4-Dichloronitro- 0-052012 0-92020 125-8 1-50477 42-93 1-50896 43-20 
benzene 0-035684 0-90585 125-5 1-50280 43-07 1-50682 43-10 
0-044626 0-91370 125-8 1-50379 42-93 1-50799 43-16 
0-92914 125-6 1-50509 42-93 1-50925 43-15 
0-058348 0-92587 125-7 * 1-50574 42-97 1-51001 43-27 


In the following tables the symbols have their usual significance. The solvent benzene used had d3° 0-87368, » 


‘149818, €,;. 2°2725. In calculating Po, Px, has been taken as 42-7 (the sum of the atomic refractivities) and P, as 5 


of Px. 


'  *® Resonance between a substituent such as chlorine and the benzene ring is unaffected by bulky ortho-substituents ; 
¢.g., the moments of chloromesitylene and chlorobenzene are identical, as are the moments of bromomesitylene and 
bromobenzene, and bromodurene has a moment of 1-55 as compared with 1-52 for bromo 
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2 : 3-Dichloronitrobenzene. 2 : 4-Dichloronitrobenzene. 
0-0074465 0-88032 2-4307 340-5 0-0037364 0°87721 2-3115 
0-009436 0-88206 2-4730 337-9 0-006558 0-87960 2-3408 
0-010579 0-88304 2-4980 336-7 0-0091498 0-88212 2-3679 
0-012712 0-88502 2-5433 333-5 0-012787 0-88540 2-4051 
0-015363 0-88742 2-6019 332-4 0-016389 0-88849 2-4416 
P, = 352; Po = 308-2; » = 3-86. 
2 : 5-Dichloronitrobenzene. ; 2 : 6-Dichloronitrobenzene. 
0-0049737 0-87828 2-3559 0-0041762 0-87744 2-3772 
0-006804 0-88003 2-3837 0-0049204 0-87808 2-3965 
0-008382 0-88160 2-4070 . 0-0081384 0-88088 2-4760 
0-0096347 0-88252 2-4270 . 0-012275 0-88448 2-5785 
0-012828 0-88550 2-4728 S 0-015039 0-88688 2-6475 
P, = 291-5; Po = 246-7; p = 3°45. P, = 407; Po = 362-2; p = 4-18. 
3 : 4-Dichloronitrobenzene. 3 : 5-Dichloronitrobenzene. 
0-004548 0-87791 2-3050 141-1 0-0035416 0-87693 2-3073 182-2 
0-006893. 0-88001 2-3218 141-4 0-004519 0-87804 2-3174 181-7 
0-008248 0-88156 2-3316 ‘140-2 0-006930 0-88009 2-3347 173-5 
0-010161 0-88304 2-3445 139-9: 0-01023 0-88298 2-3628 165-5 
0-014641 0-88713 23759 «1391 0-011587 0-88430 2-3722 _ 161-7 
P, = 1422; Po = 97°4; p = 2-17. Py = 191-2; Po = 146-4; p»p = 2°66. 
The author gratefully acknowledges his indebtedness to Mr. J. M. Skinner, who made the measurements of surface 
tension, and also to Dr. J. D. Loudon for assistance in the preparation of 2 : 3- and 2 : 4-dichloronitrobenzenes and for 
much helpful discussion. 
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110. Steric Inhibition of Resonance. Part II. The m-Xylidines and 
N-Dimethyl-m-aylidines. 


By GEorGE THOMSON. 


Corroboration of views expressed in Part I is given by the observation that the atomic refractivity of 
nitrogen in N-dimethyl-m-2-xylidine is lowered to nearly the value observed in aliphatic tertiary amines, whereas 
in N-dimethyl-m-5-xylidine it has the normal value for aromatic tertiary amines. An intermediate value is 
found in N-dimethy]-m-4-xylidine, in which one methyl group is ortho to the dimethylamino-group. 

The molecular solution volume of N-dimethyl-m-2-xylidine is higher than that of N-dimethyl-m-5-xylidine 
but indistinguishable from that of N-dimethyl-m-4-xylidine. 

The parachors of the N-dimethyl-m-xylidines decrease in ras order m-5 > m-4 > m-2. 


In Part I (preceding paper) the view is expressed that inhibition of the resonance saben a nitro-group and 
a benzene nucleus is accompanied by a lowering of molecular refractivity and that even a single bulky sub- 
stituent ortho to a nitro-group will to some extent inhibit resonance. Since Hampson and his collaborators 
(J., 1937, 10; 1939, 981) have shown that steric inhibition of resonance by vicinal methyl groups is more 
marked in dimethylamino- than in amino-compounds, it becomes of interest to investigate the molecular 
refractivities of such compounds. Briihl (Z. physikal, Chem., 1895, 16, 497) noted that the atomic refractivity 
of nitrogen in N-dimethyl-o-toluidine was abnormally low, and this was confirmed by Ley and Pfeiffer (Ber., 
1921, 54, 369), who found abnormalities in the absorption spectra and low molecular refractivities of ortho- 
substituted N-dimethylanilines and of N-dimethylxylidines in which methyl groups occupied one or both of 
the ortho-positions to the dimethylamino-group; when both ortho-positions were substituted the absorption 
spectrum was profoundly altered. On the other hand, no anomalies were found in the optical properties of 
ortho-substituted primary or secondary amines. 

The present paper records a remeasurement of the molecular refractivities of m-4- and m-2-xylidines and 
their N-dimethy] derivatives, and measurements of the molecular refractivities of m-5- and N-dimethyl-m-5- 
xylidine and of the parachors of all six compounds, for it was desirable that these physical constants should 
be measured for all the compounds under the same conditions. ' 

In Table I are recorded the values at 25° of densities, surface tensions (in dynes/cm.), and refractive indexes 
for five wave-lengths (mercury 4358 a. and 5461 a., hydrogen 4861 a. and 6563 a., and sodium 5893 a.). 
Table II contains the values of parachors and molecular refractivities calculated from the data of Table I 
together with some values from the literature, also the molecular solution volumes measured in benzene solution 
at 25°. 

From Ley and Pfeiffer’s measurements (loc. cit.) at 20° on m-2-xylidine and the N-dimethy] derivatives of 
m-2- and m-4-xylidines and those made by Briihl (Z. physikal. Chem., 1895, 16, 218) at 19-4° on m-4-xylidine, 
it would appear that m-2- has a higher density and higher refractive indexes than m-4-xylidine, whereas on 
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BeNZeNe€ 087368 151979 1-50987 1-:50210 1-49818 1-49340 
0-86010 _ 15154 = 1-5061 1-4987 1-4949 1-4906 
Dimethylaniline ............ 095241 1-5900 1-5741 1-5621 1-5562 1-5496 
m-2-Xylidine 0-97763 37-91 1-58662 1-57434 1-56369 1-55855 1-55273 
m-4-Xylidine * 0-97185 36°49 15856 15725 1-5622 1-5570 1-5512 
m-5-Xylidine 0-97038 36°38 1-58470 1-57150 1-56153 1-55635 1-55047 


Dimethyl-m-2-xylidine ... 0-91507 0-8493 29-74 24-06 1-53552  1-52640 1-51762 1-51365 1-50920 
Dimethyl-m-4-xylidine ... 0-91269 0-8474 30-88 24:15 1-54032 1-53070 1-52230 1-51808 1-51325 
Dimethyl-m-5-xylidine ... 0-92751 0-8651 35-17 26-73 1-57272 155659 1-54772 1-54236 1-53631 


* Buehler, Wood, Hull, and Erwin (J. Amer. Chem. Soc., 1932, 54, 2398) give d*®° 0-9723, y*** 36-75. 


II. 
Substance. [P}?**. [Rrlasss- ser- [Rz]p. [Rrleses- M.S.V. 
Dimethylaniline ............... 42-88 41-93 41-21 40-85 40-45 
307-1 41-57 40 86 40-24 39-94 39-59 


m-4-Xylidine 306? 41-76 40-99 40-39 40-08 39-74 


m-5-Xylidine 306-2 41-77 40-41 
388-4 50°73 50-01 | 49-31 48-99 48-64 164-0 


cia . 389-8 51-32 . 49-90 . . 164-2 
(50-49) 2 (49-48) 2 (49-13) 2 
Dimethyl-m-5-xylidine ...... 391-2 391-3 52-91 51-68 51-01 50-58 50-11 161-8 


1 Ley and Pfeiffer (Joc. cit.). | * Buehler, Wood, Hull, and Erwin (loc. cit.) give 307-2. * Brihl (Z. physikal. 
Chem., 1895, 16, 218). 


dimethylation the position is reversed, N-dimethyl-m-2- having a lower density and lower refractive indexes 

than N-dimethyl-m-4-xylidine. The present density measurements agree with this conclusion in regard to 

m-2- and m-4-xylidine but not in regard to their dimethyl compounds. If we consider the difference of density 

between the xylidine and its N-dimethyl derivative we have the series m-5 < m-4 < m-2, i.e., dimethylation 

of the vicinal xylidine results in the greatest lowering of density. The change in b. p. on dimethylation 

shows a similar regularity; whereas dimethylation raises the b. p. of aniline and of m-5-xylidine by 9° and 

6°, respectively, it lowers the b. p. of m-4- and of m-2-xylidine by 9° and 22°, respectively. Such behaviour 

seems general: whenever a methyl group occupies a position ortho to the amino-group, dimethylation of 

the amine results in a lowering of b. p., whereas if the ortho-positions are unsubstituted a rise of b. p. results : 

o-toluidine (— 13°), m-toluidine (+ 8°), p-toluidine (+ 11°), p-xylidine (— 10°), o-xylidine (— 22°), mesidine 

(— 14°). 
For each wave-length for which measurements have been made, the refractive indexes of the m-xylidines 

show only differences in the third decimal figure between the isomers, but they increase in the order m-5 < a 

m-4 <m-2. On dimethylation the differences become greater (now affecting the second decimal figure) ; 

the order is reversed and becomes m-5 > m-4 > m-2. The molecular refractivities of m-5- and m-4-xylidines - 

are indistinguishable; the value for m-2-xylidine is a little lower. The valyes for the dimethylxylidines are 

best discussed by reference to Table III, from which it is evident that the molecular refractivity of dimethyl- 

m-5-xylidine is normal as compared with dimethylaniline and dimethyl-m- and -p-toluidines, that whenever 

methyl or chlorine is substituted ortho to the dimethylamino-group it results in areduction of approximately 


1c.c. in molecular refractivity, and that when both ortho-positions are occupied by methyl groups the molecular 
refractivity is lowered by about 1-6 c.c. 


Taste III. 
A. [Rz]p. A. 
Dimethylaniline .,..............+ 40-85 Dimethyl-p-toluidine} ......... 45-68 
Dimethyl-m-2-xylidine ......... 48-99 Dimethyl-o-chloroaniline+ ... 44-95 
35-93 13-06 Chlorobenzene® 31-38 13°57 
1 Ley and Pfeiffer (loc. cit.). 2 Landolt—Bérnstein, ‘‘ Tabellen.”’ 


By calculation from Briihl’s values of atomic refractivities the introduction of a dimethylamino-group 
into a hydrocarbon should result irra change of molecular refractivity in the aromatic series of 14-62 c.c., in 
the aliphatic series of 13-25 c.c.; from Eisenlohr’s figures the value in the aliphatic series should be 12-78 c.c. 
The atomic refractivity of nitrogen in dimethyl-m-2-xylidine must therefore approach very closely the value 
for nitrogen in a tertiary aliphatic amine. Hampson’s dipole-moment measurements (J., 1939, 981) have 
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410 Thomson: Steric Inhibition of Resonance. Part II. . 


indicated the almost complete suppression of the resonance of the dimethylamino-group by the vicinal methyl 
groups in dimethylmesidine and nitrodimethylaminodurene; the value 54-2 c.c. given by him for the molecular 
refractivity (A 5461) of dimethylmesidine is in complete agreement with the results now recorded, for the 
difference between that value and the value of 41-06 c.c. for mesitylene (Part I) is 13-14 c.c., as compared 
with 14-85 c.c. for the difference between the molecular refractivities (A 5461) of dimethylaniline and benzene 
and 13-14 c.c. for the difference between dimethyl-m-2-xylidine and m-xylene for the same wave-length. It is 
noteworthy that exaltation of molecular refractivity appears to be shown By p- (Marsden and Sutton, J., 
1936, 599) and by o-nitrodimethylaniline (Ley and Pfeiffer, loc. cit.) : it is well known that in p-nitrodimethyl- 
aniline, p-nitroaniline, and o-nitroaniline reinforcement of resonance effects leads to increased dipole moments, 

There is an increase in molecular solution volume on passing from N-dimethyl-m-5- to N-dimethyl-m-4- 
xylidine, but the value for the latter is indistinguishable from that for N-dimethyl-m-2-xylidine. The values 
of molecular solution volume are practically identical with the values of M/d for the pure liquids at the same 
temperature. 
. The parachors of the three m-xylidines are practically identical (306—307) but considerably lower than 
the sum of the atomic parachors (314-6); this low value is confirmed by Buehler, Wood, Hull, and Erwin 
(loc. cit.), who found the parachor of m-4-xylidine to be 307-2. For the N-dimethyl-m-xylidines the sum of. 
the atomic parachors is 392-7: N-dimethyl-m--xylidine (391-2) is practically normal, but the parachors of 
the three isomers decrease in the order m-5 > m-4 > m-2 (a sequence confirmed by measurements at 100°), 
thus reversing the sequence found in the dichloronitrobenzenes (cf. Part I). This contrasting behaviour raises 
the question of the physical conception of the parachor. Interpretation of it as a molecular volume has been 
adversely criticised by Ferguson (Nature, 1930, 125, 597) and by Reilly and Rae (‘‘ Physico-chemical Methods,” 
3rd edn., 1940, vol. 1, p. 110), the latter contending that it cannot have the dimensions of volume since it is 
calculated by multiplying M/d (which has the dimensions of volume) by the fourth root of the surface tension 
(which is not dimensionless) measured at the same temperature as d. Now the molecular refractivity has 
undoubtedly the dimensions of volume: it is again M/d multiplied by a factor [in this case (m* — 1)/(n? + 2)], 
and the molecular solution volume when measured in benzene solution approximates closely to the value of 
M/d for the pure liquid at the same temperature; since the data for the dichloronitrobenzenes (cf. Part I) 
and the data now presented show that in a series of position isomers, although the molecular solution volume 
may increase, the molecular refractivity can decrease, there seems to be no reason why in such homologous 
series variations in the parachor should of necessity have always the same sign as variations in either of these 
other properties. 

EXPERIMENTAL. 
Refractive indexes were measured on a Hilger—Pulfrich refractometer, and surface tensions at 25° by Sugden’s 


differential bubble-pressure method and at 100° by Ferguson’s method (cf. Part I). In calculating the parachors the 
density of the saturated vapour has been neglected. 

Materials.—m-Xylene, dimethylaniline, m-4- and m-2-xylidine were obtained by repeated fractionation of products 
supplied as these specific compounds by B.D.H. The b. p.’s of the fractions used were : m-xylene 139°, dimethylaniline 
192-5°, m-4-xylidine 213-5—214°, m-2-xylidine 216-5—217°. The molecular refractivities are in good agreement with 
those recorded in the literature. m-5-Xylidine was prepared from m-4-xylidine by Haller and Adams’s method (J. 
eo W118 Soc., 1920, 42, 1840) and purified by crystallisation of the acetyl derivative. The fraction used boiled 
at °/774 mm. 

The dimethylxylidines were prepared by methylation with methyl sulphate. Use of acetic anhydride to remove 
unchanged or monomethylated amine was unsatisfactory (since the N-acetomethyl-m-2- and -m-4-xylidides have b. p.’s 
very close to those of the N-dimethylxylidines), and in the methylation of m-2-xylidine it was replaced by p-toluene- 
sulphonyl chloride. The N-dimethyl-m-2-xylidine had b. p. 194-5—195°/760 mm. (Found: C, 80-3; H, 9-9. Calc. 
for CyH,,;N: C, 80:5; H, 10-1%). For methylation of m-4- and m-5-xylidines the method of Evans and Williams 
(J., 1939, 1199) was adopted. N-Dimethyl-m-4-xylidine had b. p. oe mm. (Found: C, 80-3; H, 9-9%). 
N-Dimethyl-m-5-xylidine had b. p. 228-5—229°/772 mm. (Found: C, 80-8; H, 10-1%); picrate, m. p. 192° (Found: 
Cc, 50-9; H, 4:5. Calc. for C,,.H,,0,N,: Cc, 50- > H, 4:8%). 

Reference has been made to the surprising similarity in b. p. of N-dimethyl- and N-acetylmethyl-xylidines. N-Aceto- 
methyl-m-4-xylidide (Found: C, 74-5; H, 8-9. Calc. for C,,H,,ON: C, 74:6; H, 85%) boils at 205—205-5°/747 mm., 
only 0-5° higher than N-dimethyl-m-4-xylidine. The refractive indexes are also practically identical, but the densities 
differ considerably. Physical constants measured are as follows : , 

nese 


N-Dimethyl-m-4-xylidine 092124 0-91621 0-91269 1-52230 1-51809 1-51325 
N-Acetomethyl-m-4-xylidide 0-92672 0-92023 0-91696 1-52239 1-51817 1-51334 


Molecular solution volumes in benzene solution. 


M.S.V. ae. M.S.V. 

0-082768  —-0-88013 161-8 0097186  0-88114 161-8 
N-Dimethyl-m-4-xylidine 0:08647 0:87838 164-3 0-13041 0-88077 164-2 
N-Dimethyl-m-2-xylidine 0-087024 087863 164:1 0-13002 0-88107 163-9 


— 


The author is indebted to Mr. James R. Sim and Mr. Victor C. Farmer for assistance with the experimental work, 
and to Mr. J. M. Cameron for the micro-analyses. ; 


UNIVERSITY OF GLASGOW. ; [Received, March 31st, 1944.] 
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Vitamin-A Aldehyde (Axerophthal). By E. G. E. Hawkins and R. F. HunTER. 


PREVIOUS attempts to prepare vitamin-A aldehyde (axerophthal) by Oppenauer oxidation of vitamin-A alcohol in the 
presence of acetone (Batty, Burawoy, Harper, Heilbron, and Jones, J., 1938, 175) and diethyl ketone (Haworth, Heilbron, 
Jones, Morrison, and Polya, J., 1939, 128) led to the formation of 

CMe axerophthylideneacetone and a C,, aldehyde whose ultra-violet 
. absorption spectrum indicated that it contained a conjugated double: 

H, 6*CH!CH-CMe:CH-CH:CH:CMe:CH-CHO bond more than vitamin-A aldehyde. The aldehyde has now been 


H. CM prepared by oxidation of vitamin-A alcohol with aluminium iso- 
Poe propoxide in the presence of acetaldehyde. 
Nf, On Pondorff reduction, the aldehyde regenerated vitamin-A alcohol 


and on condensation with acetone in the presence of sodium ethoxide it 

Ultra-violet spectroscopic measurements were made in purified cyclohexane. 

(i) A mixture of a distilled vitamin-A alcohol concentrate prepared from the unsaponifiable matter of whale liver oil 
(E}%, = 1230 at 3250 a.) (1-2 g.), aluminium isopropoxide (2 g.), acetaldehyde (15 c.c.), and benzene (40 c.c.) was heated 
in a sealed tube at 70° for 48 hours. The product was treated with water and extracted with benzene, and the filtered 
extract dried with sodium sulphate and evaporated under reduced hydrogen pressure. The residue was dissolved in 
cyclohexane (20 c.c.) and a portion of the solution was chromatographed on weakened ‘‘ Mayfair ’’ alumina under slight 
nitrogen pressure (cf. Hunter and Scott, Biochem. J., 1941, 35,31). Elution of the main yellow zone furnished material 
which showed bands at 3680 and 3500 a., with a slight inflection at 3300 a. in the ultra-violet and maxima at 6580 and 
6200 a. in the antimony trichloride reaction, indicating the presence of a small amount of unchanged vitamin-A alcohol. 
On treatment with alcoholic hydrogen chloride under the usual conditions (Hawkins and Hunter, Biochem. J., 1944, 38, 
34) and further chromatography, however, a product was obtained which showed only a single band at 6570 a. in the 
antimony trichloride reaction. This material showed bands at 3650 and 3480 a. in the ultra-violet. 

(ii) A further quantity of vitamin-A aldehyde was prepared in a similar manner from a chromatographed distilled 
concentrate of vitamin-A alcohol and was freed from unchanged vitamin-A alcohol by ‘‘cyclisation ’’ and chromatography. 
This showed bands at 3680 and 3500 a. in the ultra-violet (ES = 1050 at 3680 a. and 920 at 3500 a.) and a maximum 
at 6570 a. (E}%, = 2900) in the antimony trichloride reaction. The dinitrophenylhydrazone, prepared by heating with 
2: 4-dinitrophenylhydrazine in aqueous alcohol containing a small amount of hydrochloric acid in an atmosphere of 
hydrogen at 60° for 15 minutes, separated from acetone in brownish-black crystals, m. p. 208—209° (Found: C, 67-0, 
66-9; H, 7-0, 7-1. CggHs,0,N, requires C, 67-25; H, 69%). This showed an absorption band at 4350 a. (E}%, = 1060). 

On Pondorff reduction with aluminium isopropoxide, vitamin-A aldehyde regenerated vitamin-A alcohol, which showed 
absorption maxima at 3300 a. and at 6200 a. in the ultra-violet and the antimony trichloride reaction respectively. 
This was characterised by conversion into ‘‘ cyclised ’”’ vitamin-A, which showed absorption bands at 3900, 3700, and 
3500 A. in the ultra-violet.and a maximum at 6200 a. in the antimony trichloride reaction. 

The aldehyde underwent fairly rapid oxidation on keeping in solution at 0°, yielding material which on chromatography 
on alumina furnished a main yellow zone containing a compound which showed a band at 3300 a. in the ultra-violet and 
at 6180—6200 a. in the antimony trichloride reaction. This differed from vitamin-A alcohol in that the ultra-violet 
absorption spectrum was unaltered after treatment with alcoholic hydrogen chloride in the usual way. 

Synthesis of Axerophthylideneacetone from Vitamin-A Aldehyde.—A solution of vitamin-A aldehyde in acetone was 
cooled to —5°, treated with alcoholic sodium ethoxide, kept at laboratory temperature, with occasional shaking, for 
2} hours, and then extracted with benzene-light petroleum. The extract was washed in turn with dilute phosphoric acid, 
aqueous sodium carbonate, and water, and evaporated under reduced hydrogen pressure. The product showed main 
absorption bands at 3950 and 7320 a. in the ultra-violet and the antimony trichloride reaction respectively, characteristic 
of axerophthylideneacetone (Hawkins and Hunter, Joc. cit.), which were not substantially altered by chromatography. 
On reduction with aluminium isopropoxide, the condensation product furnished axerophthylideneisopropyl alcohol which 
showed absorption bands at 3500 and 7130—7150 A. in the ultra-violet and the antimony trichloride reaction respectively 
(cf. Heilbron, Johnson, and Jones, J., 1939, 1563). : 


We thank the Directors of Lever Brothers and Unilever Ltd. for permission to publish these results—CENTRAL 
TECHNICAL DEPARTMENT, LEVER BROTHERS & UNILEVER LIMITED, Port SUNLIGHT. [Received, April 24th, 1944.) 
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